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ABSTRACT
As aggressive driving mainly caused speed-related crashes, aggressive driving must be
prevented to improve road safety by identifying aggressive drivers and understand their
characteristics and external factors associated with their behaviours. Thus, it is important
to investigate relationships among aggressive driving, driver characteristics, and driving
performance measures. The factors affecting aggressive driving are driving experience,
self-estimation of driving skill, and willingness of taking risk while driving, and
interactions with different drivers, not only driver’s own intention. To establish a
framework for the analysis of aggressive driving, previous literature indicated driving
performance measures and/or self-reported measures to be effective measures of
aggressive driving. However, these previous studies tested aggressive driving patterns for
only limited number of events, did not relate driver characteristics to aggressive driving in
each event separately, and only used vehicle kinematics variables (e.g., mean speed), but
not vehicle dynamics variables (e.g., brake pedal force) which better capture driver reaction
and decision-making. This study identifies driving performance measures related to
aggressive driving behaviours based on 55 drivers’ behaviours in 9 driving events using a
driving simulator. The study also investigates relationships among driver characteristics,
driver performance measures, and aggressive driving using 1) binary logistic regression
model and 2) structural equation model. The results show that unique aggressive driving
patterns and driver characteristics related to aggressive driving vary among different
driving events and vehicle dynamics variables are important driving performance measures
related to aggressive driving behaviours. Based on the results, the study recommends
strategies to reduce aggressive driving considering surrounding conditions.
iv

DEDICATION
I dedicate my thesis work to my family, friends, and colleagues. The road to intellect
starts with academics, service, and leadership. Academics is built on discipline,
perseverance, and satisfaction of intellectual curiosity. I have struggled through my career
from being a field technologist all the way to a professional engineer and to being involved
in academia to keep a balanced approach for academia reserving the discipline, the
perseverance, and the curiosity. My struggles are reflected upon which the practice of
engineering has been led to; being established on productivity and practical solutions,
putting aside academia - which does happen to be the main engine that initiated
productivity and theoretically established the practical solutions. Service is foremost start
with the individual giving back to community and the manner for which I deal with those
who are close to myself: family, friends, and colleagues. I have endeavored to give charity
whenever is possible and do participate annually for charity food catering for my
community. Mainly, do attempt to give back through my personal life and professionally
by acquiring lessons learned and sharing experience for those who have hunger to
knowledge. Leadership starts at an early age and the intuition of leadership is not taught or
gained through experience. Those who are meant to lead are born with such a quality and
is magnified by the individual acquiring education and experiencing the up and downs of
life. I would say that I’m a leader and have learned throughout the years that it is the
position for which you put yourself in at the present of day-to-day life what makes you a
leader. Leadership starts with yourself and is extended to others when matures within
oneself.

v

ACKNOWLEDGMENTS
This study has been only possible with handful of individuals at the University of
Windsor that I was fortunate enough to meet with and interact. Although, having different
fields, we were capable as a team to contribute to the study. My contribution fed off such
selfless individuals and the willingness to learn and satisfy knowledge curiosity made the
thesis work fluid and easy to handle. I wish to show my appreciation and thanks for
finalizing the thesis to my supervisor Dr. Chris Lee, I would like to thank Dhwani Shah
(lead experiment investigator), the assistance provided by Dr. Kathryn Lafreniere and Dr.
Kenneth Cramer, in Department of Psychology, is greatly appreciated (inter-departmental
collaboration), and I wish to extend my special thanks to Umair Durrani (data scientist
consultation).

vi

TABLE OF CONTENTS
DECLARATION OF ORIGINALITY .............................................................................. iii
ABSTRACT....................................................................................................................... iv
DEDICATION .................................................................................................................... v
ACKNOWLEDGMENTS ................................................................................................. vi
LIST OF TABLES ............................................................................................................. ix
LIST OF FIGURES ............................................................................................................ x
1.

Introduction ................................................................................................................. 1

2.

Literature Review ........................................................................................................ 5
2.1

2.1.1.

Driver characteristics .................................................................................... 5

2.1.2.

Driving conditions ........................................................................................ 7

2.2.

Measures of Aggressive Driving .......................................................................... 8

2.2.1.

Self-report measures ..................................................................................... 8

2.2.2.

Driving performance measures ................................................................... 10

2.2.3.

Integration of self-reported and driving performance measures ................. 11

2.3.

3.

Factors Affecting Aggressive Driving ................................................................. 5

Methods of Data Analysis .................................................................................. 13

2.3.1.

Parametric statistical models....................................................................... 14

2.3.2.

Non-parametric statistical models............................................................... 15

Data ............................................................................................................................ 16
3.1.

Driving Simulator Experiment ........................................................................... 16

3.1.1.

Event 1: Violation of stop sign priority ...................................................... 17

3.1.2.

Event 2: Following slow lead truck ............................................................ 17

3.1.3.

Event 3: Construction zone ......................................................................... 18

3.1.4.

Event 4: Red-light running.......................................................................... 19

3.1.5.

Event 5: Slow speed zone ........................................................................... 19

3.1.6.

Event 6: Permissive left turn ....................................................................... 20

3.1.7.

Event 7: Consecutive signalized intersections ............................................ 20

3.1.8.

Event 8: Delayed lead vehicle..................................................................... 21

3.1.9.

Event 9: Cut-in vehicle ............................................................................... 22
vii

3.2.
4.

5.

6.

Driver Survey ..................................................................................................... 24

Method ....................................................................................................................... 26
4.1.

Characterization of Aggressive Driving Behaviour ........................................... 26

4.2.

Relationship between Driver Characteristics and Aggressive Driving Behaviours
29

4.2.1.

Binary logistic regression model ................................................................ 30

4.2.2.

Structural Equation Model (SEM) .............................................................. 32

Results and Discussion .............................................................................................. 35
5.1.

Binary Logistic Regression Models ................................................................... 35

5.2.

Structural Equation Models ................................................................................ 46

Conclusions and Recommendations .......................................................................... 66

References ......................................................................................................................... 70
Vita Auctoris ..................................................................................................................... 79

viii

LIST OF TABLES
Table 2-1. Driving performance measures for aggressive driving ................................... 11
Table 2-2. Indicators of aggressive driving ...................................................................... 11
Table 2-3. Driving events for observing driving behaviour using a driving simulator .... 13
Table 3-1. Driving performance parameters ..................................................................... 23
Table 3-2. List of variables in driver survey ..................................................................... 25
Table 4-1. List of driving performance parameters in each event .................................... 29
Table 5-1. Estimated parameters of binary logistic regression model for Event 1
(Violation of stop sign priority) ........................................................................................ 36
Table 5-2. Estimated parameters of binary logistic regression model for Event 2
(Following slow lead truck) .............................................................................................. 37
Table 5-3. Estimated parameters of binary logistic regression model for Event 3
(Construction zone) ........................................................................................................... 38
Table 5-4. Estimated parameters of binary logistic regression model for Event 4 (Redlight running) .................................................................................................................... 39
Table 5-5. Estimated parameters of binary logistic regression model for Event 5 (Speed
limit reduction).................................................................................................................. 40
Table 5-6. Estimated parameters of binary logistic regression model for Event 6
(Permissive left turn)......................................................................................................... 41
Table 5-7. Estimated parameters of binary logistic regression model for Event 7
(Consecutive signalized intersections) .............................................................................. 43
Table 5-8. Estimated parameters of binary logistic regression model for Event 8 (Delayed
lead vehicle) ...................................................................................................................... 44
Table 5-9. Estimated parameters of binary logistic regression model for Event 9 (Cut-in
vehicle) .............................................................................................................................. 45
Table 5-10. Effects of variables in binary logistic regression models for 9 Events ......... 46
Table 5-11. Parameters related to Aggressive Driving Indicators in Each Event ............ 62
Table 5-12. Effects of drivers’ demographic and driving history variables on Aggressive
driving indicators in SEM for 9 Events ............................................................................ 63

ix

LIST OF FIGURES

Figure 3-1. MiniSim driving simulator ............................................................................. 16
Figure 3-2. Driver’s view at an all-way stop-controlled intersection in Event 1 .............. 17
Figure 3-3. Driver’s view while following a slow lead truck in Event 2.......................... 18
Figure 3-4. Driver’s view of a signalized intersection in Event 4 .................................... 19
Figure 3-5. Driver’s view of an urban street in Event 5 ................................................... 19
Figure 3-6. Driver’s view while making a permissive left turn in Event 6 ...................... 20
Figure 3-7. Driver’s view at a signalized intersection in Event 7 ..................................... 21
Figure 3-8. Driver’s view of the delayed lead vehicle in Event 8 .................................... 21
Figure 3-9. Driver’s view of the cut-in vehicle in Event 9 ............................................... 22
Figure 3-10. Speed profiles of different drivers near the stop sign in Event 1 ................. 24
Figure 4-1. Example of theoretical model structure for developing SEM ........................ 34
Figure 5-1. Structural equation model of aggressive driving in Event 1 .......................... 47
Figure 5-2. Structural equation model of aggressive driving in Event 2 .......................... 48
Figure 5-3. Structural equation model of aggressive driving in Event 3 .......................... 50
Figure 5-4. Structural equation model of aggressive driving in Event 4 .......................... 52
Figure 5-5. Structural equation model of aggressive driving in Event 5 .......................... 53
Figure 5-6. Structural equation model of aggressive driving in Event 6 .......................... 55
Figure 5-7. Structural equation model of aggressive driving in Event 7 .......................... 57
Figure 5-8. Structural equation model of aggressive driving in Event 8 .......................... 59
Figure 5-9. Structural equation model of aggressive driving in Event 9 .......................... 61

x

1. Introduction
Aggressive driving is behaviour that endangers others or a behavioural construct that is
indicated by traffic violations. According to National Highway Traffic Safety
Administration (2000), aggressive driving behaviour is defined as an action “when
individuals commit a combination of moving traffic offences so as to endanger other
persons or property”. On the other hand, according to Lam (2010), the term “reckless
driving” is more often used in the context of a moving traffic violation and has a meaning
similar to aggressive driving.
Aggressive driving is a major cause of vehicle crashes on roadways (McTish and Park,
2016). According to Transport Canada (2011), aggressive driving mainly caused speedrelated crashes which resulted in 27% of fatalities and 19% of serious injuries in Canada.
Similarly, 17% of total fatalities on Ontario provincial highways occurred due to speedrelated collisions in 2016 (Ministry of Transportation of Ontario, 2019). Thus, aggressive
driving must be prevented to improve road safety.
In this regard, it is important to identify aggressive drivers and understand their
characteristics and external factors associated with aggressive driving. For instance, the
researchers commonly found that younger drivers and male drivers are more likely to drive
aggressively than older drivers and female drivers, respectively (Vanlaar et al., 2008;
Diekmann et al., 1996; Beirness and Simpson, 1988). These studies concluded that this is
mainly due to differences in driving experience, self-estimation of driving skill, and
willingness of taking risk while driving.
Also, drivers occasionally make their decisions based on their perception towards the
other drivers’ behaviour or the other vehicles’ movements. Thus, aggressive driving also
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occurs due to interactions with different drivers, not only driver’s own intention. Driver
interactions generally occur while drivers follow another vehicle in the same lane (carfollowing), or they change to adjacent lanes (lane-changing). Some studies found that
drivers’ socio-demographic characteristics are also closely related to their car-following
and lane-changing behaviour. Several studies reported that male and younger drivers
showed risker car-following behaviours (e.g., higher speed, delay in braking, shorter time
gap with the lead vehicle) (Broughton et al., 2007; Montgomery et al., 2014; Farah, 2011).
Similarly, male, and younger drivers showed riskier lane-changing behaviours (e.g., faster
lane-changing, late use of turn signal) (Li et al., 2015; Reimer et al., 2013; Schmidt et al.,
2014).
To classify drivers into aggressive and non-aggressive drivers, researchers have
observed driver behaviour and used various analysis techniques. For instance, some studies
identified aggressive drivers based on driving performance measures such as the
distributions of longitudinal and lateral accelerations, and jerks (rate of change of
acceleration), speed difference with lead vehicle, deviation from lane, and time gap (Dosh
and Trivedi, 2010; Higgs and Abbas, 2015; Wu et al., 2015).
On the other hand, some researchers identified aggressive drivers based on drivers’
stated behaviour and self-report measures of aggressive driving using a survey. Two
examples of such measures are the Propensity for Angry Driving Scale (PADS)
(DePasquale et al., 2001) and the Driving Anger Scale (DAS) (Deffenbacher et al., 1994).
Both PADS and DAS measure the degree of aggressive driving based on drivers’ responses
to various events which provoke their anger while driving. The PADS reliably predicted
driving violations while the DAS reliably predicted near misses (Sullman and Stephens,
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2013). However, Dahlen and Ragan (2004) found that the PADS and DAS complement
each other.
Several studies related these drivers’ self-report measures of aggressive driving to their
actual driving observed using a driving simulator (Vazquez, 2013; Abou-Zeid et al., 2011;
Philippe et al., 2009; Zhao et al., 2019). They observed driver behaviour such as tailgating,
speeding, and honking in different anger-provoking driving events. They commonly found
that the self-report measure of aggressive driving was positively correlated with the
observed aggressive driving behaviour. This indicates that the drivers with higher
propensity for aggressive driving (trait anger) also tend to drive more aggressively in angerprovoking driving events (state anger).
Although these studies demonstrated that self-report measures of aggressive driving are
strongly correlated with observed aggressive driving, there are some limitations. First,
aggressive driving pattern was defined for only a limited number of driving events (e.g., 24 events). It is expected that aggressive driving pattern is likely to vary among different
driving events. Second, driver characteristics were not related to aggressive driving in each
event separately. Hence, unique driver characteristics in specific driving events could not
be captured. Third, the driving performance measures to evaluate aggressive driving were
limited to vehicle kinematics variables (e.g., mean speed, variance of speed over time)
during each driving event. However, vehicle dynamics variables (i.e., use of brake pedal,
accelerator pedal, steering wheel) were not considered although they can better capture
driver reaction. Thus, there is a need to identify aggressive drivers based on individual
driving performance measures using both vehicle kinematic and dynamics variables in
different driving events and analyze their association with driver characteristics.
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Thus, the objectives of this thesis are 1) to identify driving performance measures (in
terms of vehicle kinematics and dynamics variables) related to aggressive driving based on
the observed driver behaviour in various anger-provoking driving events, 2) to
comprehensively investigate the relationships among driver characteristics, driver
performance measures, and aggressive driving, and 3) to recommend strategies to reduce
aggressive driving.
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2. Literature Review
2.1 Factors Affecting Aggressive Driving
2.1.1. Driver characteristics
Some studies found that aggressive driving is related to driver’s gender. For instance,
most studies commonly found that male drivers are more aggressive than female drivers
(Dula and Ballard, 2003; Shinar and Compton, 2004; Vanlaar et al., 2008; Abou-Zeid et
al., 2011; Ma et al., 2018; Karimi et al., 2021). On the other hand, some studies found that
female drivers are more aggressive than male drivers (Harris et al., 2014; Abele et al.,
2020). Björklund (2008) found that female drivers were more likely to be irritated than
male drivers. However, some studies did not find significant relationship between driver
gender and aggressive driving, (Vazquez, 2013; Millar, 2007; Efrat & Shoham, 2013;
Albentosa et al., 2018).
Some studies found that aggressive driving is related to driver’s age. Most studies found
that younger drivers are more aggressive than older drivers. For instance, Krahe and Fensky
(2001) and Ma et al. (2018) found that younger drivers are more likely to exhibit aggressive
driving behaviour than older drivers. Paleti et al. (2010) also found that drivers aged 16–
20 years old are more likely to drive aggressively than those above 20 years. They also
found that drivers aged 21–65 years are about twice as likely to drive aggressively as those
above 65 years. Diekmann et al. (1996) found that younger drivers were more aggressive
than older drivers based on their shorter response time after their cars were blocked.
Lajunen and Parker (2001) reported that age has negative effect on driver anger and
aggression among male drivers.
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Some studies explained the reasons for why younger drivers are more aggressive than
older drivers. First, younger drivers (less than 25) tend to underestimate the risk of being
involved in a crash (Ma et al., 2018). Also, younger drivers tended to report more frequent
displays of anger and less frequent adaptive constructive ways of dealing with aggression
(Karimi et al., 2021). Similarly, younger drivers are less likely to perceive that their driving
is aggressive (McTish and Park, 2016) and overestimate their driving skill (Deery, 1996)
than older drivers. Beirness and Simpson (1988) also found that younger drivers are less
experienced and matured than older drivers, and they experience more stress while driving.
In comparison, older drivers have longer driving experience and feel less need to take risk
(Grey et al., 1989). Older people are also less affected by anger-inducing scenarios (Ābele
et al., 2020).
Driving experience is also related to aggressive driving. Chiu et al. (2019) found that
drivers with longer years of driving violated traffic rules more frequently. This is because
these drivers are overconfident with their driving skills. Chu et al. (2017) also found that
the number of accidents over the last three years was correlated with aggressive driving
behaviours. However, Lajunen and Parker (2001) found that longer driving experience has
negative effect on aggressive driving behaviour among female drivers. Song et al. (2021)
also reported that drivers with longer driving experience are less engaged in aggressive
driving for female drivers than male drivers. Driver’s history of traffic violation also affects
aggressive driving. Vanlaar et al. (2008) suggested that drivers who have had at least one
traffic ticket are more likely to drive aggressively. Similarly, González-Iglesia et al. (2012)
found that male drivers who had more driving violation expressed anger more aggressively
than female drivers.
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Some studies suggested that drivers’ personality affects aggressive driving behaviour.
Danaf et al. (2015) found that the trait anger and the anger experienced at the previous time
period significantly affect state anger at a specific time period (e.g., aggressive driving).
Kerwin and Bushman (2020) reported that people with higher trait anger are more likely
to view driver behaviours as intentionally aggressive behaviours. Alonso et al. (2019)
found that the perception of aggressive driving behaviours also depends on driver’s
sociodemographic characteristics, social class, and personal profile.

2.1.2. Driving conditions
Drivers occasionally make their decisions based on their perception towards the other
drivers’ behaviour or the other vehicles’ movements. Thus, aggressive driving also occurs
due to interactions with other drivers in different driving conditions, not only based on the
driver’s own intention. For instance, Shinar and Compton (2004) claimed that aggressive
driving is significantly associated with congestion and drivers’ value of time. They
observed that the likelihood of aggressive driving is higher during the period of higher
value of time (e.g., rush hour) than the period of lower value of time (e.g., weekend). They
also found that driving with passengers reduces the likelihood of aggressive driving.
Hamdar et al. (2008) found that aggressive driving is more likely to occur when drivers
are stuck in congestion, and they are surrounded by heavy vehicles and pedestrians at
signalized intersections. Abou-Zeid et al. (2011) also found that when drivers passed
through two consecutive intersections and they were forced to stop at red at the first
intersection, they are more likely to pass the intersection at yellow. This is because being
forced to stop at the first intersection caused drivers to be more aggressive at the second
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intersection. Harrell and Spaulding (2001) found that drivers are less aggressive in making
left turns if the opposing vehicle was larger and approaching at higher speed. Paleti et al.
(2010) also found that aggressive driving is positively associated with driving on roads
with low and high-speed limits.

2.2. Measures of Aggressive Driving
2.2.1. Self-report measures
To identify the propensity for aggressive driving behaviour, self-report measures of
aggressive driving (or “trait anger”) have been collected using survey. For instance, the
Propensity for Angry Driving Scale (PADS) contains 19 scenarios of potentially angerinducing situations drivers may encounter (DePasquale et al., 2001). In the questionnaire,
participants are asked to indicate how they would respond to the events by selecting one of
four choices. Responses from the 19-items are rescored, where item responses are replaced
by weighted mean response values in the range of 1 (representing mild responses) to 7
(severe aggressive responses) (Dahlen and Ragan, 2004). These responses range from mild
reactions (e.g., slowing down) to more extreme responses (e.g., ramming the other car)
(Sullman and Stephens, 2013). The PADS has been used extensively in psychological
research on risky driving, and its reliability, validity, and advantages over other similar
measures have been supported in subsequent research (e.g., Dahlen and Ragan, 2004;
Sullman and Stephens, 2013).
The Driving Anger Scale (DAS) consists of 14 situations when driving leads to anger
(e.g., someone is weaving in and out of traffic) (Deffenbacher et al., 1994). Participants are
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asked to indicate the level of anger provoked by each situation on five-point scales with
endpoints of 1 (not at all) and 5 (very much). The DAS has six sub-categories of angerinducing situations: Discourtesy, Traffic Obstructions, Hostile Gestures, Slow driving,
Police presence, and Illegal driving.
Some studies compared the PADS and the DAS. Dahlen and Ragan (2004) suggested
that the PADS is a more effective predictor of aggressive driving behaviour than DAS, but
they complement each other. Sullman and Stephens (2013) found that the PADS reliably
predicted driving violations while the DAS reliably predicted near misses.
Deffenbacher et al. (2002) developed the Driving Anger Expression Inventory (DAX)
which measures driver’s expression of anger while driving. Similar to PADS and DAS,
participants are asked to describe how they would express their anger while driving in
questionnaire. Their responses were rated as the frequency of expressing anger on a 4-point
scale (1= almost never, 4 = almost always).
Houston et al. (2003) also developed Aggressive Driving Behaviour Scale (ADBS)
which has an 11-item measure of aggressive driving. Participants are asked to describe how
often they have been engaged in 11 unsafe driving practices on a 6-point scale (1 = never,
6 = always) in the past 6 months. The unsafe driving practices include 7 conflict behaviours
(e.g., braking suddenly when a car is following too close) and 4 speeding behaviour (e.g.,
following a slow lead car at less than a car length).
Buss and Perry (1992) developed the questionnaire which measures physical aggression,
verbal aggression, anger, and hostility. Another questionnaire developed by Buss which is
a short form of the original (Buss and Warren, 2000) measures trait aggression with
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subscales of anger, physical aggression, verbal aggression, hostility, and indirect
aggression.

2.2.2. Driving performance measures
Driving performance measures such as speed, longitudinal and lateral acceleration have
been used to measure driving aggressiveness. For instance, high speed represents more
aggressive driving (Sullman and Stephens, 2013; Alonso et al., 2019, Ma et al., 2018;
Kerwin and Bushman, 2020). Also, high acceleration/deceleration and jerk (rate of changes
in acceleration over time) are indicators of aggressive driving (Feng et al., 2017; Park et
al., 2019; Alkinani et al., 2020). Smaller gap with the slow-moving lead vehicle and abrupt
lane changes also indicates aggressive driving (Abou-Zeid et al., 2011; Kerwin and
Bushman, 2020; Alkinani et al., 2020; Park et al., 2019). Lee and Jang (2019) used yaw
rate (angular speed of a vehicle) to classify drivers into aggressive drivers and normal
drivers. A list of driving performance measures used for aggressive driving in the past
studies is shown in Table 2-1. A list of indicators of aggressive driving based on driving
performance measures is also shown in Table 2-2.
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Table 2-1. Driving performance measures for aggressive driving
Driving performance
measures
Speed
Yaw Rate
Acceleration
Jerk
Steering
Braking
Position/ Spacing
Lane Deviation
Horn Use
Lane Change

References
Alonso et al. (2019), Ma et al. (2018), Lee and Jang
(2019), Sullman and Stephens (2013), Abou-Zeid et
al. (2011), Danaf et al. (2015)
Lee and Jang (2019), Park et al. (2019)
Lee and Jang (2019), Abou-Zeid et al. (2011), Park et
al. (2019), Millar (2007), Danaf et al. (2015)
Alkinani et al. (2020)
Park et al. (2019), Millar (2007)
Abou-Zeid et al. (2011), Millar (2007), Danaf et al.
(2015)
Abou-Zeid et al. (2011), Park et al. (2019)
Millar (2007)
Millar (2007)
Danaf et al. (2015), Kerwin & Bushman (2020)

Table 2-2. Indicators of aggressive driving
Indicators
High speed
Sudden acceleration/Jerk
Tailgating/Smaller gap to slow
moving vehicle
Abrupt lane change
Sudden deceleration/Jerk
Crash/Near Crash

References
Alonso et al. (2019), Ma et al. (2018), Sullman and
Stephens (2013), Kerwin and Bushman (2020)
Alkinani et al. (2020)
Kerwin and Bushman (2020), Alkinani et al. (2020),
Park et al. (2019)
Park et al. (2019), Kerwin and Bushman (2020)
Park et al. (2019), Alkinani et al. (2020)
Alkinani et al. (2020), Kerwin & Bushman (2020)

2.2.3. Integration of self-reported and driving performance measures
Some past studies identified the psychological factors of aggressive drivers using selfreported measures (trait anger) and analyzed their aggressive driving behaviour based on
the observed driving performance measures (state anger).
For instance, Vazquez (2013) conducted an online survey to measure drivers’ self-report
aggressive driving using the Driver Behaviour Scale (Harris et al., 2009) and observed their
driving behaviour in the driving simulation. The author tested two freeway scenarios under
11

moderate and heavy traffic, and recorded different types of aggressive driving behaviour
such as honking, tailgating, speeding, etc. The author found that the self-report measure of
aggressive driving was positively correlated with the observed aggressive driving
behaviour.
Abou-Zeid et al. (2011) identified aggressive and timid drivers based on their selfreported trait aggressiveness which is measured using responses to survey questions from
Miles and Johnson (2003). They also compared driving behaviour between aggressive and
timid drivers in three traffic events (following a slow-moving vehicle, passing consecutive
signalized intersections, making a forced left turn with heavy opposing traffic) using a
driving simulator. They found that aggressive drivers followed the lead vehicle with shorter
spacing, but they were less likely to be impacted by the following vehicle which forced
them to make left turn, compared to timid drivers.
Philippe et al. (2009) also measured driver’s aggressive driving using a self-reported
questionnaire and related it to observed driving behaviour in a driving simulator
experiment. Driver behaviour was observed in three traffic events (inability to pass a lead
car, stuck behind a stopped truck, heard honking from behind) in the driving simulation.
Then the aggressive driving was scored based on the observed behaviour. They found that
scores for observed aggressive driving were positively correlated with the self-report
measure of aggressive driving. However, driving performance measures were not
compared in this study.
Zhao et al. (2019) collected driver attitude data using self-reported questionnaire such
as Driver Anger Scale (DAS) and Accident Proneness Scale (APS). They also collected
driving behaviour data for four events – changing lanes, passing, distracted driving and
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running red lights - using a driving simulator. They found that driver’s training level and
driving attitude (e.g., driving anger) are closely related to illegal driving action. They also
found that the drivers who were trained using a driving simulator showed safer driving
performance than the drivers who were trained using a video. The driving events created
for observing driving behaviour in the aforementioned studies are summarized in Table 23.
Table 2-3. Driving events for observing driving behaviour using a driving simulator
Event

Vazquez (2013)

1

Drive a freeway with
moderate traffic

2

Drive a freeway with
heavy traffic

3

Abou-Zeid et al.
(2011)
Follow a slow bus
while it is hard to
pass the bus
Drive through two
consecutive
signalized
intersections
Make a left turn
while the gaps in
opposing traffic are
short

Philippe et al. (2009)
Follow a lead car
while it’s difficult to
pass the car
Stuck behind the
stopped truck while
it’s difficult to pass
the truck
Hear honking from
the vehicles in the
rear

4

Zhao et al. (2019)
Change to the left
lane
Pass the lead car on
the left
Use a phone while
driving
Drive through a
signalized
intersection

2.3. Methods of Data Analysis
Past studies have investigated the association among driver characteristics, driving
conditions and aggressive driving behaviour using various methods of data analysis. Most
studies used statistical models which are classified into parametric and non-parametric
models. Parametric models assume the pre-specified functional relationship between
dependent and independent variables unlike non-parametric models.
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2.3.1. Parametric statistical models
Some researchers analyzed aggressive driving behaviour using parametric statistical
models. For instance, Millar (2007) developed the three-step hierarchical regression to
identify the effects of driving anger and public self-consciousness on aggressive driving.
Wickens et al. (2011) used the logistic regression model to examine the relationship
between aggressive driving and age. Yang et al. (2020) developed an ordinal regression
model to predict aggressive driving levels based on driving skill, driving behaviour and
demographic characteristics. Vanlaar et al. (2008) used the logistic regression and
generalized linear latent models to identify driver characteristics associated with aggressive
driving.
Some studies used the structural equation model (SEM) to analyze aggressive driving.
Unlike regression model, SEM can identify multiple relationships among predictors and
outcomes. For instance, Zhao et al. (2019) found that illegal driving action is related with
driver characteristics and driving attitude using SEM. Roseborough et al. (2021) also
analyzed retaliatory aggressive driving using SEM. They collected the drivers’ stated
responses to five anger-provoking events – queuing violation, risky left-turn, selfish
parking behaviour, misuse of a high occupancy vehicle lane, and a driver failing to stop at
a red light using animated video and self-reported questionnaire. They found that belief in
an unjust world and perception of injustice are closely related to retaliatory aggressive
driving. They also found that the relationships between aggressive driving and other
variables were situation specific. This suggests that aggressive driving behaviour be
separately analyzed in different situations. Danaf et al. (2019) also identified the
relationship between trait anger and state anger (i.e., aggressive driving) using SEM.
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2.3.2. Non-parametric statistical models
Researchers mainly used non-parametric statistical models to identify aggressive drivers
among different drivers. Sun and Elefteriadou (2010) classified drivers into four driver
types based on their background information and stated behaviour provided in a survey
using a K-means clustering algorithm. They identified different levels of aggression for
different driver types. Yang et al. (2020) also used a K-means clustering algorithm to
classified driving aggressiveness into different levels based on drivers’ behavioural and
emotional aggressiveness.
Higgs and Abbas (2015) collected drivers’ accelerations, speed difference, and
deviation from lane using instrumented vehicle data and classified their behaviour using a
data mining technique called metropolis algorithm. They also grouped similar driving
characteristics during certain time segments into the same cluster using K-means algorithm.
Wu et al., (2015) also classified the observed driver behaviour into aggressive, cautious,
and moderate driving states based on acceleration, time gap between vehicles and speed
difference using a clustering algorithm called fuzzy C means. Berdoulat et al. (2021)
conducted hierarchical cluster analysis to identify the number of driving aggressiveness
groups and used K-means clustering to assign drivers to one of the groups.
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3. Data
3.1. Driving Simulator Experiment
The experiment was conducted in September 2019 – November 2019 using the MiniSim
¼ cap driving simulator housed at the University of Windsor as shown in Figure 3-1. The
driving simulator was used in this study because it allows analysts to control the type of
surrounding vehicles and provides vehicle dynamics data such as accelerator and brake
pedal use. The driving simulator can also isolate the effects of external factors such as
weather and traffic condition and enable the identification of event-specific aggressive
driving indicators or driving performance parameters. The simulator experiment has been
cleared by the University of Windsor Research Ethics Board. A total of 55 drivers (25
males and 30 females, mean age = 21, standard deviation of age = 4) participated in the
experiment. The participants were recruited from the University of Windsor Psychology
participant pool.

Figure 3-1. MiniSim driving simulator

The participants first drove a section of rural highway and then an urban street with
lower speed limit than the rural highway. There is one stop-controlled intersection at the
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end of the rural highway whereas there are four signalized intersections at the urban street.
During the driving simulator experiment, the participants encountered 9 different traffic
events which potentially provoked drivers’ anger. These 9 events are explained in detail
below.
3.1.1. Event 1: Violation of stop sign priority
In this event, the driver (i.e., the participant) approaches an all-way stop-controlled
intersection and he/she is required to stop at the intersection as shown in Figure 3-2. While
the driver stops at the intersection, one vehicle which arrives the intersection later than the
driver in another approach ignores the priority and passes through the intersection earlier
than the driver. The road is a two-lane road in both directions and the speed limit is 80
km/h.

Figure 3-2. Driver’s view at an all-way stop-controlled intersection in Event 1

3.1.2. Event 2: Following slow lead truck
After crossing the stop-controlled intersection, the driver follows a slow-moving truck
that travels at a speed of 60 km/h as shown in Figure 3-3. The truck speed is significantly
below the posted speed limit of 80 km/h. However, since the road narrows to a single lane
in each direction and vehicles continuously approach in the opposite direction, the driver
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cannot change lane to overtake the slow-moving truck. After traveling for 1 km with
following the truck, the road is widened to two lanes in each direction. At this moment, the
driver has an option to change lane to the right and safely pass the slow-moving truck. The
slow-moving truck travels in the left lane for about 300 m and then gives indication to
change to the right lane.

Figure 3-3. Driver’s view while following a slow lead truck in Event 2

3.1.3. Event 3: Construction zone
After passing the slow-moving truck, the driver can travel at normal speed of 80 km/h.
Then the driver encounters a stopped vehicle with its hazard lights on and a roadside
construction zone in the right lane. If the driver is in the right lane, he/she must change to
the left lane as the right lane is blocked due to the construction activities. When the driver
changes to the left lane, he/she encounters the lead vehicles in the left lane. The lead
vehicles move at reduced speed of around 60 km/h due to the construction zone. At the end
of the construction zone, the driver has an option of continue following the lead vehicles
in the left lane or changing to the right lane.
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3.1.4. Event 4: Red-light running
The driver approaches a signalized intersection near the end of the rural highway with
a single lane and speed limit of 60 km/h as shown in Figure 3-4. When the driver is near
the intersection, the signal turns to yellow and the lead vehicle slows down to make a right
turn. The signal turns to red as soon as the vehicle makes the right turn. The driver has an
option of stopping at the intersection or running at red light.

Figure 3-4. Driver’s view of a signalized intersection in Event 4

3.1.5. Event 5: Slow speed zone
The driver enters an urban street with the reduced speed limit of 50 km/h as shown in
Figure 3-5. Thus, the driver is required to reduce their speed. There is no congestion on the
road.

Figure 3-5. Driver’s view of an urban street in Event 5
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3.1.6. Event 6: Permissive left turn
The driver approaches a signalized intersection, and he/she is instructed to take a
permissive left turn at the intersection as shown in Figure 3-6. There is no designated leftturn lane or left-turn signal at the intersection. The driver can take left turn when he/she
perceives there is a sufficient gap between vehicles in the opposing traffic. There are two
platoons of vehicle in the opposing traffic and no vehicle following the second platoon.
This gap between the two platoons may or may not be sufficient for drivers. Thus, the
driver has an option of accepting the gap between the two platoons or waiting for the
opposing traffic to clear.

Figure 3-6. Driver’s view while making a permissive left turn in Event 6

3.1.7. Event 7: Consecutive signalized intersections
The driver passes through two consecutive signalized intersections that are closely
spaced. The distance between the two intersections is 400 m. The road is a single-lane road
with the speed limit of 60 km/h. As soon as the driver arrives at each intersection, the signal
turns to yellow and then red as shown in Figure 3-7. As the driver may not want to stop at
both intersections consecutively, he/she may pass through the second intersection instead
of stopping.
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Figure 3-7. Driver’s view at a signalized intersection in Event 7

3.1.8. Event 8: Delayed lead vehicle
The driver reaches a signalized intersection and completely stops behind a lead vehicle
as shown in Figure 3-8. After the signal turns to green, the lead vehicle does not start
moving for a few seconds. After the delay in start, the lead vehicle moves to clear the
intersection. In this circumstance, the driver may honk a horn to warn the lead vehicle or
wait until the lead vehicle moves.

Figure 3-8. Driver’s view of the delayed lead vehicle in Event 8
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3.1.9. Event 9: Cut-in vehicle
The driver approaches an on-street parking area. One of the parked vehicles suddenly
cuts in the front of the subject vehicle with a short spacing as shown in Figure 3-9. This
forces the driver to apply hard brake to avoid a collision.

Cut-in
vehicle

Figure 3-9. Driver’s view of the cut-in vehicle in Event 9

In each event, driving performance was measured using vehicle kinematics and vehicle
dynamics data extracted from the driving simulator. These data were recorded at every 0.1
second. The data are summarized in Table 3-1.
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Table 3-1. Driving performance parameters
Variable
type
Vehicle
kinematics

Variables

Description

Speed (m/s)

Speed of the subject vehicle and the lead
vehicle(s)
Distance between front bumper of the
subject vehicle to the rear bumper of the
lead vehicle
Position of the vehicle across cross-section
of highway (Deviation from the center of
lane)
Time that remains until a collision between
two vehicles would have occurred if the
collision course and speed difference are
maintained
= 1 if pedal is fully pressed; = 0 if pedal is
not pressed
Force on brake pedal (higher value for
harder brake)
< 0 if turn left; = 0 if no turn; > 0 if turn
right
= 1 if turn signal is on; = 0 if turn signal is
off
= 1 if honked a horn; = 0 if not honked a
horn
Stopped or did not stop
Stopped or did not stop
Exceeded the speed limit or did not exceed
the speed limit (Event 5 only)
Accepted or rejected (Event 6 only)

Front-to-rear spacing (m)
Lateral position
Time to collision (TTC)
(s)
Vehicle
dynamics

Accelerator pedal
position
Brake pedal force
(pounds)
Steering wheel angle
(degree)
Turn signal
Horn

Obedience
to traffic
rule

Stop the stop sign
Stop at red light
Follow the speed limit
Accept gap

In addition, the driver’s obedience to traffic rule was observed from the speed profiles.
For instance, from the speed profiles near the stop in Event 1 as shown in Figure 3-10, the
drivers who did not stop at the intersection could be identified.
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Figure 3-10. Speed profiles of different drivers near the stop sign in Event 1
3.2. Driver Survey
After the completion of the driving simulator experiment, the participants filled the
driver survey which contains questions about driver characteristics. Three psychology
measures - Propensity for Angry Driving Scale (PADS), Trait Anger, and Impulsivity were determined based on the participants’ responses to the questions. The PADS contains
19 short vignettes which describe potentially anger-inducing situations drivers may
encounter (DePasquale et al., 2001). The participants were asked to read each vignette and
then respond by circling the most appropriate of four responses. Responses to the 19-items
are rescored according to the procedure outlined by DePasquale et al. (2001) where item
responses are replaced by weighted mean response values ranging from 1 (representing
mild responses) to 7 (severe aggressive responses). Trait Anger is a personality trait
characterized by the tendency to be angry (Spielberger, 2010). Impulsivity is poor self-
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control and fast decision-making without considering negative consequences (Moeller et
al., 2001). The data collected from the computer survey is summarized in Table 3-2.
Table 3-2. List of variables in driver survey
Variable type
Demographic/so
cio-economic
characteristics

Driving history

Variables
Gender
Age
Ethnicity

Description
Male, Female
17-34
White/ European/ Caucasian
Black/ African/ Caribbean
Latin/ South American
East Asian/ Chinese/ Japanese
South Asian/ Indian/ Pakistani
Indigenous/ First Nations/ Metis
Middle Eastern
Multiple ethnicities

Household income
Self-reported quality of
driving
Driving experience
Driving frequency in the past
year

No. of near accidents in
lifetime
No. of accidents in lifetime
No. of severe accidents
(involving injury) in lifetime
No. of minor accidents in the
past year
No. of major accidents in the
past year
Frequency of concentration
loss in the past 3 months
Frequency of minor loss of
control in the past 3 months
Frequency of close call in the
past 3 months
Frequency of seatbelt use
Driver
psychology
measures

PADS
Trait Anger
Impulsivity
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poor, fair, average, good, excellent
years of driving
not at all
once or twice a month
about once a week
two or three times a week
daily or nearly daily
0, 1, 2, 3, 4, 5 and more
0, 1, 2, 3, 4, 5 and more
0, 1, 2, 3, 4, 5 and more
0, 1, 2, 3, 4, 5 and more
0, 1, 2, 3, 4, 5 and more
0, 1 or 2, 3 or 4, 5 or 6, 7 or 8, 9 or more
0, 1 or 2, 3 or 4, 5 or 6, 7 or 8, 9 or more
0, 1 or 2, 3 or 4, 5 or 6, 7 or 8, 9 or more
Never, almost, some of the time, most of
the time, always
Propensity for Angry Driving Scale
(DePasquale et al., 2001)
Latent tendency to be angry
Poor self-control and fast decision-making
without considering negative consequences
(Moeller et al., 2001)

4. Method
4.1. Characterization of Aggressive Driving Behaviour
To determine the tendency of aggressive driving (more or less aggressive) objectively,
aggressive driving behaviour was characterized as the combination of different driving
performance parameters in Table 3-1 for each event. The parameters were selected based
on the nature of each event. Since the longitudinal and lateral (or turning) movements are
fundamental vehicle operational characteristics, speed and steering wheel angle were
extracted for all events. However, if the values of parameters did not much vary among the
drivers, the parameters were excluded.
In Event 1 - Violation of stop sign priority, the participants must stop at an all-way stop
intersection and observe that the other vehicle does not obey the priority. It was
hypothesized that more aggressive drivers are more likely to apply hard brake before they
stop at the intersection. They are also more likely to disobey the stop sign – e.g., did not
completely stop, disregarded the stop sign, etc. – and honk a horn to express their anger to
the other driver who disobeys the priority. However, as no participants used the horn in
this event, use of horn was excluded. Thus, speed, steering wheel angle, brake pedal force,
accelerator pedal position, and obedience of stop sign were selected as the driving
performance parameters for this event.
In Event 2 - Following slow-moving truck, the participants follow a slow-moving truck
for 1 km in a single-lane road and then they have a chance to overpass the truck. Thus,
more aggressive drivers are more likely to follow the lead truck closer and adjust speed
more frequently to keep short spacing while following. More aggressive drivers are also
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more likely to deviate from the center of lane to seek opportunity for overtaking the lead
truck and increase speed faster after overtaking the truck. Consequently, speed, steering
wheel angle, spacing, brake pedal force, accelerator pedal position, and lateral movement
within lane were selected.
In Event 3 - Construction zone, the participants are required to change lane to the left
lane if they are in the right lane to avoid the construction zone and follow a slow-moving
lead vehicle in the left lane. Under this circumstance, more aggressive drivers in the right
lane are more likely to change lane faster (by turning steering wheel faster) and follow the
slow-moving lead vehicle closer. Thus, the selected driving performance parameters are
speed, steering wheel angle, spacing, brake pedal force, accelerator pedal position, and
lateral movement within lane.
In Event 4 - Red-light running, the participants may stop or run a red light at a signalized
intersection after following a slow-moving lead vehicle. It is expected that more aggressive
drivers are more likely to run a red light since they have been delayed due to the lead
vehicle and they would take risk of red-light running to avoid further delay. To reflect this
behaviour, speed, steering wheel angle, brake pedal force, accelerator pedal position, and
obedience of traffic signal were selected.
In Event 5 - Slow speed zone, the participants are required to reduce the speed as the
posted speed limit decreases from 60 km/h to 50 km/h. More aggressive drivers are less
likely to comply with the reduced speed limit. Thus, the selected driving performance
parameters are speed, steering wheel angle, accelerator pedal position and compliance with
the post speed limit.
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In Event 6 - Permissive left turn, the participants are required to make a left turn when
they perceive that there is a sufficient gap between vehicles in the oncoming traffic. It is
expected that more aggressive drivers are more likely to accept a short gap to make a left
turn and turn the steering wheel more to make a sharp turn. The selected parameters for
this event are speed, steering wheel angle and gap acceptance.
In Event 7 - Consecutive signalized intersections, the participants arrive two consecutive
signalized intersections where the signal turns to yellow and then red. As more aggressive
drivers are less likely to stop at the intersections consecutively, they are more likely to
accelerate and pass through the second intersection. The selected driving performance
parameters are speed, steering wheel angle, brake pedal force, accelerator pedal position
and obedience of traffic signals at the first and second intersections.
In Event 8 - Delayed lead vehicle, the participants are forced to wait behind the lead
vehicle which does not start moving even after the signal turns to green. This delay in start
will potentially induce drivers’ anger. Thus, more aggressive drivers are more likely to
keep short spacing with the lead vehicle while waiting by fluctuating speed and accelerate
faster after the lead vehicle turns right. Also, more aggressive drivers are more likely to
honk a horn to show their anger to the delayed vehicle’s driver or move laterally to attempt
to overtake the delayed vehicle. However, as no participants used the horn in this event,
the use of horn was excluded. Thus, the selected parameters for this event are speed,
steering angle, brake pedal force, lateral movement and spacing.
In Event 9 - Cut-in vehicle, the participants encounter the parked vehicle’s sudden cutin and they are required to brake to avoid a collision. As more aggressive drivers are more
likely to travel at high speed, they are also more likely to apply hard brake and turn to left
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more sharply when the parked vehicle cuts in. Also, more aggressive drivers are more
likely to honk a horn to show their anger to the cut-in vehicle’s driver. However, as no
participants used the horn in this event, the use of horn was excluded. Thus, speed, steering
wheel angle, brake pedal force, lateral movement, and spacing were selected for this event.
The selected driving performance parameters for each event are summarized in Table 4-1.
Table 4-1. List of driving performance parameters in each event
Event

Description

1

Violation of stop sign
priority

2

Following slow lead truck

3

Construction zone

4

Red-light running

5

Speed limit reduction

6

Permissive left turn

7

Consecutive signalized
intersections

8

Delayed lead vehicle

9

Cut-in vehicle

Driving performance parameters
Speed, steering wheel angle, brake pedal force,
accelerator pedal position, and obedience of
stop sign (yes/no)
Speed, steering wheel angle, spacing, brake
pedal force, accelerator pedal position, lateral
movement, and time to collision
Speed, steering wheel angle, spacing, brake
pedal force, accelerator pedal position, and
lateral movement
Speed, steering wheel angle, brake pedal force,
accelerator pedal position and obedience of
traffic signal (yes/no)
Speed, steering wheel angle, accelerator pedal
position, and compliance with speed limit
Speed, steering wheel angle, and gap
acceptance
Speed, steering wheel angle, brake pedal force,
and obedience of traffic signal
Speed, steering wheel angle, brake pedal force,
lateral movement, and spacing
speed, steering wheel angle, brake pedal force,
lateral movement, and spacing

4.2. Relationship between Driver Characteristics and Aggressive Driving
Behaviours
To identify the relationship between driver characteristics and aggressive driving, two
independent types of models were utilized – 1) binary logistic regression model and 2)
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structural equation model (SEM). In the binary logistic regression model, aggressive
driving behaviours were defined as a binary variable of more aggressive and less aggressive
driving based on the percentiles of the driving performance parameters. In the SEM, more
aggressive driving behaviours were defined as a latent variable which is described as a
linear combination of multiple driving performance parameters.
These two types of models were used because each model has its own advantages. The
binary logistic regression model has simpler model structure than the SEM and allows
easier interpretation of direct effect of each individual driver characteristic on aggressive
driving behaviours. On the other hand, the SEM provides more flexible model structure
and helps understand more complex inter-relationships among a group of driver
characteristics and more aggressive driving behaviours compared to the logistic regression
model. Each model is explained in detail in the following subchapters.

4.2.1. Binary logistic regression model
The purpose of binary logistic regression is to identify the factors related to more
aggressive and less aggressive drivers and understand their effects on more aggressive
driving. In this study, drivers were classified into more aggressive and less aggressive
drivers based on the percentiles of the driving performance parameters for each event in
Table 4-1. For instance, in Event 1, the drivers with mean speed higher than 50 th percentile
and lower than 50th percentile were assumed to be more aggressive and less aggressive
drivers, respectively. This classification is based on the findings of the past studies that
higher speed is an indicator of aggressive driving (Alonso et al., 2019; Ma et al., 2018;
Sullman and Stephens, 2013; Kerwin and Bushman, 2020). Similarly, indicators of
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aggressive driving for other driving performance measures were determined based on the
past studies and common understanding – e.g., higher acceleration and higher brake pedal
force.
For the driving performance measures in continuous values (e.g., speed, acceleration),
both mean and standard deviation of the measures were considered. For instance, mean
speed and standard deviation of speed are defined as an average and a standard deviation
of all speeds in 0.1 s intervals during the event for a given driver.
The binary logistic regression model describes the more aggressive driving as a function
of driver characteristics as follows:
P(Y = 1) =

( )
( )

, P(Y = 0) =

( )

(4-1)

where P(Y = i) = the probability that a driver is classified into a more aggressive driver (i
= 1) or a less aggressive driver (i = 0) and V = the utility function of driver characteristics
(V =  + ’X where  = constant,  = vector of coefficients, and X = vector of driver
characteristics). If independent variables are highly correlated ( 0.4), only one of the
correlated variables were included in the model. Thus, the model can identify the driver
characteristics associated with more aggressive driving and their effects on more
aggressive driving based on the signs of coefficients. To identify unique driver
characteristics in each event, separate models were developed for different events. Binary
logistic regression models were estimated using the IBM SPSS 28.0 software.
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4.2.2. Structural Equation Model (SEM)
Structural Equation Model (SEM) is a series of models which simultaneously identify
multiple relationships among variables. There are three types of variables in SEM – 1)
observed exogeneous variables which are observed inputs (predictors), 2) observed
endogenous variables which are observed outputs (outcomes) and 3) latent variables which
are not observed but potentially related with observed exogeneous and endogenous
variables. Latent variables are specified based on the analyst’s hypothesis and they can be
expressed as linear combinations of observed exogeneous and endogenous variables (Zhao
et al., 2019).
SEM consists of three models: 1) exogenous measurement model which describes the
relationship between observed exogenous variables and latent variables, 2) endogenous
measurement model which describes the relationship between latent variables and
observed endogenous variables and 3) structural model which describes the relationship
between latent variables. In this study, the driver characteristics in Table 3-2 are selected
as the observed exogenous variables and the driving performance parameters in Table 4-1
are selected as the observed endogenous variables. SEM was developed using the IBM
SPSS Amos 28.0 software. The procedure of developing SEM is summarized as follows:
1.

Develop a theoretical model structure to show hypothetical relationships among
endogenous and exogenous variables. An example of theoretical model structure is
shown in Figure 4-1. In this case, driver demographic/socio-economic characteristics,
driving history, and psychological measures are latent exogeneous variables and
aggressive driving indicator is a latent endogenous variable.

2.

Develop an initial exogenous measurement model.
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3.

Develop a model structure including exogenous measurement model, structural model,
and endogenous measure model.

4.

If the input variables are normally distributed, goodness-of-fit of the SEM can be
evaluated using relative Chi-square, goodness-of-fit index (GFI), comparative fit
index (CFI), root mean square error of approximation (RMSEA), and root mean square
residual (RMR). However, if the input variables are not normally distributed, the Chisquare is often positively biased when the model parameters are estimated using the
maximum likelihood method (Kim and Millsap, 2014). In this case, bootstrapping (see
the details in the next step) is run and the model performance is evaluated based on
significance of the relationships between variables instead of goodness-of-fit.

5.

Run bootstrapping to overcome the limitation of non-normal distribution of the input
variables, which violates the assumption of the maximum likelihood method.
Bootstrapping is a process of drawing random samples from a single observed data set
with replacement to generate a larger size of sample data set. This process allows to
calculate standard errors, construct confidence intervals, and perform hypothesis
testing to evaluate statistical significance of variables. Use Confidence Interval
Bootstrapping (evaluates significance of each variable within a confidence interval to
identify the significant standardized total effects). Although the model parameters can
also be estimated using the asymptotically distribution free (ADF) method which does
not require the normal distribution of variables, the method can only be applied with
the large size of observed data set.

6.

For bootstrapping, If the standard regression weights of most variables are significant
at a 90% confidence interval, go to Step 8. Otherwise, go to Step 7.
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7.

Restructure the model and run the factor analysis with orthogonal rotation (varimax
rotation) to identify the latent variables. Repeat Steps 4 and 5.

8.

Examine the direct and indirect effects of the path analysis structural equation model.
Figure 4-1 shows the conceptual theoretical model structure of SEM used in this study.

A latent variable “Aggressive driving indicators” characterizes aggressive driving
behaviours as a function of multiple driving performance parameters (e.g., mean speed,
variance of speed, or mean absolute steering wheel angle, etc.) in each event. A latent
variable “Psychology” represents drivers’ psychology measures - PADS, Trait Anger, and
Impulsivity – which is used to investigate the effects of driver psychology on aggressive
driving behaviours. Other latent variables represent drivers’ demographic and driving
history factors associated with aggressive driving behaviours.
Factor 1
Factor 2
Factor 3

Driving
Performance
Parameter, A

Driver
demographic/driving
history, A

Factor 4
Factor 5
Factor 6

Aggressive driving
indicators
Driver
demographic/driving
history, B

Driving
Performance
Parameter, C
Driving
Performance
Parameter, D

PADS
Trait Anger

Driving
Performance
Parameter, B

Psychology

Impulsivity

Note: The variables in rectangles are observed variables and the variables in circles are
latent variables. Arrows indicate direct effect of variables. Dashed rectangles, circles and
arrows are probable inclusions of variables and direct effects in the model structure.
Figure 4-1. Conceptual theoretical model structure of SEM
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5. Results and Discussion
5.1.Binary Logistic Regression Models
To identify the driver characteristics associated with aggressive driving behaviours in
each event, separate binary logistic regressions were developed for different events.
Among different indicators of aggressive driving behaviours, the best indicator was
selected based on the following criteria: 1) at least 25% of total number of drivers are
classified as more aggressive driver, 2) higher number of statistically significant variables
related to a given indicator is preferred, and 3) a combination of two or more indicators is
preferred if the indicators are not strongly correlated. The first criterion ensures sufficient
sample of more aggressive drivers in the data. The second and third criteria help identify
more driver characteristics related to aggressive driving behaviours and better understand
their relationships. Thus, the best indicators of aggressive driving behaviours are likely to
be different for different events.
For Event 1, a combination of high mean speed and high variance of speed was selected
as the best indicator of aggressive driving behaviours. According to this indicator, 19 out
of 55 drivers (35%) were classified as more aggressive drivers. The model result for Event
1 is shown in Table 5-1.
The result shows that driver gender, income, and propensity for angry driving (PADS)
are significant at a 90% confidence level (p < 0.1). The model fit is also good based on the
log-likelihood ratio (= 18.981, p < 0.05). This implies that these factors are associated with
more aggressive driving behaviour indicated by high mean and variance of speed. Similar
to the past studies, male drivers showed more aggressive driving behaviour than female

35

drivers. Also, the drivers with higher income and higher propensity for angry driving (i.e.,
higher PADS) are more likely to drive aggressively when they encounter the violation of
stop sign priority.
Table 5-1. Estimated parameters of binary logistic regression model for Event 1
(Violation of stop sign priority)
More aggressive driver (1 = if the driver’s mean speed and variance of speed are higher
than 50th percentile, 0 = otherwise)
Constant
Female
Income
PADS
Log-likelihood ratio

Coefficient
-4.038
-1.378
0.285
0.109
18.981

Standard error
1.918
0.791
0.156
0.042

p-value
0.035
0.082
0.068
0.010
0.001

For Event 2, high mean lateral movement or high variance of lateral movement was
selected as the best indicator of aggressive driving behaviours. According to this indicator,
32 out of 53 drivers (60%) were classified as more aggressive drivers. The model result for
Event 2 is shown in Table 5-2. All variables are significant at a 90% confidence level and
the model fit is good (p < 0.05).
The result shows that drivers with lower self-rated quality of driving and drivers
involved in lower number of minor accidents in the past year are more likely to be more
aggressive when they follow a slow lead truck for a long time period. This result is intuitive
because lower self-rated quality of driving indicates drivers’ lower confidence in their
driving skill, which results in more aggressive driving. Also, drivers who were involved in
higher number of minor accidents recently are more likely to take caution and less likely
to drive aggressively. However, female drivers are more aggressive than male drivers in
this event as opposed to Event 1.
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Table 5-2. Estimated parameters of binary logistic regression model for Event 2
(Following slow lead truck)
More aggressive driver (1 = if the driver’s mean lateral position or variance of lateral
position is higher than 50th percentile, 0 = otherwise)
Constant
Self-rated quality of driving
No. of minor accidents
Female
Log-likelihood ratio

Coefficient
2.055
-0.576
-1.341
1.217
10.76

Standard error
1.715
0.348
0.698
0.644

p-value
0.231
0.098
0.055
0.059
0.001

For Event 3, a low mean spacing and additionally low mean or high variance for spacing
were selected as the best indicators of aggressive driving behaviours. For low mean spacing
as an indicator, 34 out of 53 drivers (64%) were classified as more aggressive drivers. For
low mean spacing or high variance of spacing, 41 out of 53 drivers (77%) were classified
as more aggressive drivers. The model result for high mean spacing (Model 3a) is shown
in Table 5-3(a) and the model result for high mean or high variance for spacing (Model 3b)
is shown in Table 5-3(b).
Table 5-3 shows that higher driving frequency, higher number of accidents in lifetime,
male drivers and higher propensity for angry driving are associated with more aggressive
driving behaviour when they encounter the construction zone. This is potentially because
drivers who drive more frequently and have been involved in accidents are overconfident
with their driving skills and tend to drive more aggressively (Chiu et al., 2017). The result
also indicates that drivers’ psychology measure is closely related to their more aggressive
driving behaviours.
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Table 5-3. Estimated parameters of binary logistic regression model for Event 3
(Construction zone)
(a) Low mean spacing (Model 3a)
More aggressive driver (1 = if the driver’s mean spacing is lower than 50 th percentile, 0 =
otherwise)
Constant
Driving frequency
No. of accidents
Female
Log-likelihood ratio

Coefficient
-0.922
0.450
1.966
-1.588
15.866

Standard error
1.901
0.250
1.146
0.743

p-value
0.628
0.072
0.086
0.033
0.001

(b) Low mean spacing or high variance of spacing (Model 3b)
More aggressive driver (1 = if the driver’s mean spacing is lower or variance of spacing is
higher than 50th percentile, 0 = otherwise)
Coefficient
Standard error
p-value
Constant
-0.106
2.861
0.970
Driving frequency
0.658
0.322
0.041
Female
-2.921
1.252
0.020
PADS
0.114
0.059
0.054
Log-likelihood ratio
19.354
0.001
For Event 4, a high mean or high variance of brake pedal force and additionally high
mean or high variance for brake pedal force or no stop at red were selected as the best
indicators of more aggressive driving. For high mean or high variance of brake pedal force
as an indicator, 26 out of 51 drivers (51%) were classified as more aggressive drivers. For
high mean or high variance of brake pedal force or no stop at red, 35 out of 51 drivers (69%)
were classified as more aggressive drivers. The model result for high mean or high variance
of brake pedal force (Model 4a) is shown in Error! Reference source not found. and the
model result for high mean or high variance of brake pedal force or no stop at red (Model
4b) is shown in Table 5-4(b). The model results show that male drivers with lower number
of close calls in the past 3 months and higher income are more likely to drive more
aggressively when they encounter red light at a signalized intersection after following a
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slow lead vehicle. Similar to the number of minor accidents in the past year in Event 2,
drivers who had higher number of close calls in the last 3 months are more likely to be
cautious and they are less likely to be more aggressive drivers.
Table 5-4. Estimated parameters of binary logistic regression model for Event 4 (Redlight running)
(a) High mean or high variance of brake pedal force (Model 4a)
More aggressive driver (1 = if the driver’s mean brake pedal force is higher or variance of
brake pedal force is higher than 50th percentile, 0 = otherwise)
Constant
Frequency of close call
Female
Log-likelihood ratio

Coefficient
5.273
-1.591
-1.740
12.751

Standard error
1.845
0.610
0.735

p-value
0.004
0.009
0.018
0.001

(b) High mean or high variance of brake pedal force or no stop at red (Model 4b)
More aggressive driver (1 = if the driver’s mean brake pedal force is higher or variance of
brake pedal force is higher than 50th percentile or the driver did not stop at red, 0 =
otherwise)
Coefficient
Standard error
p-value
Constant
0.678
1.185
0.567
Frequency of close call
-1.215
0.645
0.059
Income
0.701
0.295
0.017
Log-likelihood ratio
15.712
0.001
For Event 5, a high mean accelerator pedal position and additionally high mean or high
variance of accelerator pedal position were selected as the best indicators of aggressive
driving behaviours. For high mean accelerator pedal position as an indicator, 25 out of 51
drivers (49%) is classified as more aggressive drivers. For high mean or high variance of
accelerator pedal position, 40 out of 51 drivers (78%) were classified as more aggressive
drivers. The model result for high mean accelerator pedal position (Model 5a) is shown in
Table 5-5(a). and the model result for high mean or high variance of accelerator pedal
position (Model 5b) is shown in Table 5-5(b). The results show that male drivers who have
been in higher number of accidents in their lifetime and have higher Trait Anger are more
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likely to drive aggressively when the speed limit decreases. The significance of Trait Anger
indicates that drivers’ tendency to be angry is closely related to their aggressive driving
behaviour.
Table 5-5. Estimated parameters of binary logistic regression model for Event 5
(Speed limit reduction)
(a) High mean accelerator pedal position (Model 5a)
More aggressive driver (1 = if the driver’s mean accelerator pedal position is higher than
50th percentile, 0 = otherwise)
Constant
No. of accidents
Female
Log-likelihood ratio

Coefficient
-0.028
1.557
-1.263
12.162

Standard error
1.333
0.788
0.633

p-value
0.983
0.048
0.046
0.001

(b) High mean or high variance of accelerator pedal position (Model 5b)
More aggressive driver (1 = if the driver’s mean accelerator pedal position is higher or
variance of accelerator pedal position is higher than 50th percentile, 0 = otherwise)
Coefficient
Standard error
p-value
Constant
-0.911
2.507
0.716
Female
-1.894
0.930
0.042
Trait Anger
0.336
0.153
0.029
Log-likelihood ratio
12.162
0.001
For Event 6, a high mean steering wheel angle, high mean or high variance steering
wheel angle, and a combination of high mean and high variance steering wheel angle were
selected as the best indicators of aggressive driving behaviours. For high steering wheel
angle as an indicator, 21 out of 51 drivers (41%) were classified as more aggressive drivers.
For high mean or high variance of steering wheel angle, 23 out of 51 drivers (45%) were
classified as more aggressive drivers. For both high mean and high variance of steering
wheel, 12 out of 51 drivers (24%) were classified as more aggressive drivers. The model
result for high mean steering wheel angle (Model 6a) is shown in Table 5-6(a), the model
result for high mean or high variance of steering wheel angle (Model 6b) is shown in Tabel
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5-6(b), and the model result for a combination of high mean and high variance of steering
wheel angle (Model 6c) is shown in Table 5-6(c).
The results show that drivers with lower driving frequency and lower income are more
likely to drive aggressively when they make a left turn. These effects of driving frequency
and income are opposite to the effects in Event 3 and Event 4, respectively. This indicates
that drivers with lower driving frequency are more likely to make errors of judging if there
is a sufficient gap for left turn, which results in sharper left turn.
Table 5-6. Estimated parameters of binary logistic regression model for Event 6
(Permissive left turn)
(a) High mean or steering wheel angle (Model 6a)
More aggressive driver (1 = if the driver’s mean steering wheel angle is higher than 50 th
percentile, 0 = otherwise)
Constant
Driving frequency
Log-likelihood ratio

Coefficient
1.757
-0.512
5.282

Standard error
1.016
0.236

p-value
0.084
0.030
0.001

(b) High mean or high variance of steering wheel angle (Model 6b)
More aggressive driver (1 = if the driver’s mean steering wheel angle is higher or variance
higher than 50th percentile, 0 = otherwise)
Coefficient
Standard error
p-value
Constant
1.541
0.998
0.122
Driving frequency
-0.416
0.230
0.071
Log-likelihood ratio
3.575
0.001
(c) Combination of high mean and high variance of steering wheel angle (Model 6c)
More aggressive driver (1 = if the driver’s mean steering wheel angle and variance of
steering wheel angle are higher than 50th percentile, 0 = otherwise)
Coefficient
Standard error
p-value
Constant
0.377
0.762
0.620
Income
-0.507
0.246
0.039
Log-likelihood ratio
6.437
0.001
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For Event 7, indicators of aggressive driving behaviours were separately determined for
the following three cases: 1) Both intersections: during the entire event, 2) First intersection:
from the beginning of the event to the time of passing/stopping at the first intersection, and
3) Second intersection: from the time after passing/stopping at the first intersection to the
end of event.
For the Both intersections case, a combination of high variance of speed, high variance
of steering wheel angle, or no stop at the first or second intersections was selected as the
best indicator of aggressive driving behaviours. According to the combination speed and
steering wheel angle high variance indicator in addition to obey traffic sign, 18 out of 50
drivers (36%) were classified as more aggressive drivers. As shown in Table 5-7(a), male
drivers with higher number of close calls are more likely to drive aggressively when they
pass through two consecutive signalized intersections.
For the First intersection case, a high mean brake pedal force was selected as the best
indicator of aggressive driving behaviours. A total of 20 out of 50 drivers (40%) were
classified as more aggressive drivers. Table 5-7(b) shows that the drivers who have been
involved in higher number of accidents in lifetime and have higher income but lower
number of close calls in the past 3 months are more likely to drive aggressively at the first
intersection.
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Table 5-7. Estimated parameters of binary logistic regression model for Event 7
(Consecutive signalized intersections)
(a) Both intersections (Model 7a)
More aggressive driver (1 = if the driver’s variance of speed and variance of steering wheel
angle are higher than 50th percentile or did not stop at the first or second signalized
intersection, 0 = otherwise)
Coefficient
0.505
0.716
-1.580
10.529

Constant
Frequency of close call
Female
Log-likelihood ratio

Standard error
1.231
0.416
0.678

p-value
0.682
0.085
0.020
0.001

(b) First intersection (Model 7b)
More aggressive driver (1 = if the driver’s mean brake pedal force is higher than 50 th
percentile and did not stop at the first or second signalized intersection, 0 = otherwise)
Coefficient
-1.309
1.156
-2.104
0.493
20.015

Constant
No. of accidents
Frequency of close call
Income
Log-likelihood ratio

Standard error
1.396
0.516
0.921
0.176

p-value
0.348
0.025
0.022
0.005
0.001

(c) Second intersection (Model 7c)
More aggressive driver (1 = if the driver’s variance of speed and variance of brake pedal
force are higher than 50th percentile or did not stop at the second signalized intersection, 0
= otherwise)
Constant
Frequency of loss
control
Female
Trait Anger
Log-likelihood ratio

of

Coefficient
-3.125

Standard error
1.964

p-value
0.112

1.545

0.752

0.040

-1.703
0.160
14.369

0.794
0.092

0.032
0.081
0.001

For the Second intersection case, the combination of high variance of speed and high
variance of brake pedal force or no stop at the second intersection was selected as the best
indicator of aggressive driving behaviours. According to this indicator, 16 out of 50 drivers
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(32%) were selected as more aggressive drivers. Table 5-7(c) shows that male drivers with
higher frequency of loss of control and Trait Anger are more likely to drive aggressively
at the second intersection.
For Event 8, a low mean spacing was selected as the best indicator of aggressive driving
behaviours. According to this indicator, 29 out of 50 drivers (58%) were classified as more
aggressive drivers. Table 5-8 shows that male drivers with longer years of driving are more
likely to drive aggressively when they encountered the delayed start of the lead vehicle.
The effect of years of driving on aggressive driving behaviours is consistent with Chiu et
al. (2019).
Table 5-8. Estimated parameters of binary logistic regression model for Event 8
(Delayed lead vehicle)
More aggressive driver (1 = if the driver’s mean spacing is higher than 50 th percentile, 0 =
otherwise)
Constant
Years of driving
Female
Log-likelihood ratio

Coefficient
1.902
0.246
-1.561
10.785

Standard error
1.082
0.131
0.657

p-value
0.079
0.059
0.018
0.001

For Event 9, a high mean or high variance of speed was selected as the best indicator of
aggressive driving behaviours. According to this indicator, 30 out of 48 drivers (63%) was
classified as more aggressive drivers. Table 5-9 shows that drivers who have higher driving
frequency but have been involved in lower number of accidents in lifetime are more likely
to drive aggressively when they encountered a cut-in vehicle. The effect of number of
accidents in this event is opposite to the effect in Events 3, 5 and 7. This indicates that
drivers with higher number of accidents are more cautious in rare and urgent driving
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situations such as a vehicle which suddenly cuts in (Event 9) than typical driving situations
such as passing through construction zone and signalized intersections.
Table 5-9. Estimated parameters of binary logistic regression model for Event 9 (Cutin vehicle)
More aggressive driver (1 = if the driver’s mean speed or variance of speed is higher than
50th percentile, 0 = otherwise)
Constant
Driving frequency
No. of accidents
Log-likelihood ratio

Coefficient
-0.203
0.489
-0.923
7.423

Standard error
1.057
0.242
0.494

p-value
0.848
0.043
0.062
0.001

The effects of individual variables on aggressive driving behaviour in all 9 events are
summarized in Table 5-10. The table shows that male drivers generally show more
aggressive driving behaviour than female drivers in all events except Event 2. This finding
is consistent with the past studies. However, age was not significant in any event. This is
mainly because the distribution of age is relatively small in this study.
Also, drivers’ psychology measures are significantly correlated with their aggressive
driving behaviours particularly in the events associated with traffic rules (e.g., stop sign
priority, mandatory lane change, traffic lights). Driving history is also significantly
associated with aggressive driving behaviours but their effects vary among different events.
These differential effects are potentially due to differences in frequency of events in typical
traffic conditions and urgency of events.
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Table 5-10. Effects of variables in binary logistic regression models for 9 Events
Event
Model no.
Female
PADS
Trait Anger
Self-rated driving
Income
No. of close call
No. of loss of control
No. of minor accidents
Driving frequency
No. of accidents
Years of driving

1
+

2
+

3
a
-

4
b
+

a
-

5
b

a
-

b
-

a

6
b

c

a
-

7
b

+

8
c
-

9

-

+

+
-

+
-

+

+
+

+
+

+

-

-

+

+
-

+
+

5.2. Structural Equation Models
In this section, SEM was developed for each event separately using the procedure
described in Chapter 4.2.2. For each event, different latent exogenous variables and one
latent endogenous variable “Aggressive driving indicators” were included in the model
structure. The “Aggressive driving indicators” are a group of driving performance
parameters related to aggressive driving behaviours in each event. The model structure of
SEM for Event 1 (Violation of stop sign priority) is shown in Figure 5-1.
Figure 5-1 shows that all the standard regression weights for direct effect of Aggressive
driving indicator on the five driving performance parameters - variance of speed, mean and
variance of accelerator pedal position, and mean and variance of brake pedal force - are
positive and significant (as shown in red number on each arrow). Since higher values of
these driving performance parameters represent more aggressive driving behaviour (i.e.,
more abrupt stop at the stop-controlled intersection) in Event 1, these positive relationships
indicate that the latent variable “Aggressive driving indicators” reflects the propensity of
aggressive driving in the given driving condition.
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Note: Numbers in red indicates that direct effect is statistically significant at a 90% confidence
level.

Figure 5-1. Structural equation model of Aggressive Driving Indicators in Event 1

The figure also shows that the latent variable “Perception of driving skill by gender”
has a positive effect (weight = 0.55) on Aggressive driving indicator, but it has negative
and positive effects on female driver and self-rated quality of driving, respectively. Thus,
male drivers and drivers with higher self-rated quality of driving (i.e., more confident
drivers) have positive effects on Aggressive driving indicators. Also, Trait Anger has a
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significant positive effect on Aggressive driving indicators. This implies that male drivers,
more confident drivers, and drivers with higher tendency to be angry are more likely to
drive aggressively when they approach a stop-controlled intersection.
The result of SEM for Event 2 (Following slow lead truck) is shown in Figure 5-2.

Note: Numbers in red indicates that direct effect is statistically significant at a 90% confidence
level.

Figure 5-2. Structural equation model of Aggressive Driving Indicators in Event 2
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Figure 5-2 shows that all the standard regression weights for direct effect of Aggressive
driving indicator on the following driving performance parameters: mean and variance of
speed and accelerator pedal position, variance of spacing and lateral movement and mean
of time-to-collision (TTC). This indicates that higher values of the former six driving
performance parameters and the lower value of TTC (i.e., higher probability of collision)
represent more aggressive driving behaviour when following a slow lead truck in Event 2.
The figure also shows that the latent variable “Drivers’ experience by gender” has a
positive effect (weight = 0.88) on Aggressive driving indicators, but it has negative effects
on number of minor losses of control and female, and a positive effect on age. Thus, older
male drivers with fewer minor loss of control in the past 3 months of the experiment date
have a higher tendency of aggressive driving in Event 2. Also, the latent variable
“Psychology” has positive effects on all three driver psychology measures – PADS, trait
anger, and impulsivity – and it also has a positive effect on Aggressive driving indicators.
This implies that drivers with higher propensity for angry driving, higher tendency to be
angry and poorer self-control are more likely to drive aggressively when they follow a slow
lead vehicle.
The result of SEM for Event 3 (Construction zone) in Figure 5-3 shows that higher mean
and variance of braking, steering wheel angle, lateral movement, and variance of spacing
are related to aggressive driving behaviours. Unlike Events 1 and 2, steering wheel angle
and lateral movement are significant in this event because drivers are allowed make lane
changes in this event.
The figure also shows that the latent variable “Accident proneness by gender” has a
positive effect (weight = 0.22) on Aggressive driving indicators, but it has negative and
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positive effects on female driver and severe accidents, respectively. Thus, male drivers
with higher number of severe accidents in the past have a higher tendency of aggressive
driving when they approach a construction zone on a two-lane highway. Similar to Event
2, the driver’s psychology measures (PADS, trait anger, and impulsivity) have positive
effects on Aggressive driving indicators.

Note: Numbers in red indicates that direct effect is statistically significant at a 90% confidence
level.

Figure 5-3. Structural equation model of Aggressive Driving Indicators in Event 3
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The result of SEM for Event 4 (Red-light running) in Figure 5-4 shows that Aggressive
driving indicators have significant direct effect on mean and variance of speed, variance of
accelerator pedal position, and violation of traffic sign (1 = violated the traffic signal, 0 =
stopped at red light) are significant. In particular, a negative effect on the variance of speed
shows that lower variance of speed is considered aggressive driving behaviour in this event
unlike other events. This is because more aggressive drivers are less likely to reduce speed
to stop at the intersection.
The figure also shows that younger drivers, drivers with less frequent driving, and
female drivers have a positive effect on Aggressive driving indicators. This implies that
these groups have a higher tendency of aggressive driving when the signal turns to red at a
signalized intersection. In addition, the latent variable “Psychology”, which has positive
effects on PADS, trait anger, and impulsivity, has a positive effect on Aggressive driving
indicators.
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Note: Numbers in red indicates that direct effect is statistically significant at a 90% confidence
level.

Figure 5-4. Structural equation model of Aggressive Driving Indicators in Event 4

For Event 5 (Slow speed zone), Figure 5-5 shows that Aggressive driving indicators
have positive effects on the violation of speed limit (VSL) (1 = violated the speed limit, 0
= otherwise), mean of accelerator pedal position and mean of speed. In this study, it was
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assumed that the driver violated the speed limit if his or her mean speed is higher than or
equal to 55 km/hr (posted speed limit of 50 km/hr). The figure also shows that the latent
variable “Safe driving by gender” has a negative effect (weight = -0.27) on Aggressive
driving indicators, but it has positive effects on frequency of seatbelts use and female
drivers and negative effect on the number of accidents in lifetime. Thus, male drivers with
low frequency of seatbelt use and higher number of accidents have a higher tendency of
aggressive driving when the speed limit decreases. Drivers’ psychology measures also have
positive effects on Aggressive driving indicators.

Note: Numbers in red indicates that direct effect is statistically significant at a 90% confidence
level.

Figure 5-5. Structural equation model of Aggressive Driving Indicators in Event 5
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Figure 5-6 shows that Aggressive driving indicators have positive effects on variance
of speed, maximum speed, and mean absolute steering wheel angle during the left turn in
Event 6 (Permissive left turn). This indicates that more aggressive drivers are more likely
to make a left turn sharply at higher speed. The figure also shows that the latent variable
“Experienced driving” has a positive effect (weight = 0.18) on Aggressive driving
indicators with positive effects on the number of years of driving, age, and the number of
severe accidents in the lifetime. Thus, older, and experienced drivers involved in higher
number of severe accidents have a higher tendency of aggressive driving when they make
left turns. Drivers’ psychology measures (the latent variable “Psychology”) also have
positive effects on Aggressive driving indicators. However, Psychology and Experienced
driving are negatively correlated with each other. This shows that more experienced drivers
have lower propensity of angry driving, lower tendency to be angry and better self-control.
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Note: Numbers in red indicates that direct effect is statistically significant at a 90% confidence
level.

Figure 5-6. Structural equation model of Aggressive Driving Indicators in Event 6

The result of model structure of SEM for Event 7 (Consecutive signalized intersections)
is shown in Figure 5-7. In this event, Aggressive driving indicators were separately
determined for the first and second signalized intersections. However, Aggressive driving
indicators for both intersections have positive effects on violation of traffic signal (1 =
violated the signal, 0 = stopped at red light), maximum, mean, and variance of speed, and
mean accelerator pedal position. Mean brake pedal force and variance of accelerator pedal
position have significant effects only for the first and second intersections, respectively.
Negative effects of variance of speed, mean brake pedal force and variance of accelerator
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pedal position indicate that more aggressive drivers are less likely to reduce the speed to
stop at the intersections.
The figure also shows that the number of minor losses of control and the frequency of
close call have a positive effect (weights = 0.34, 0.53, respectively) on Aggressive driving
indicators, but driving frequency has negative effect on Aggressive driving indicators. Thus,
drivers with higher driving frequency have lower tendency of aggressive driving when they
pass through two consecutive signalized intersections. Drivers’ psychological measures
have positive effects on Aggressive driving indicators.
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Note: No. in red indicates that direct effect is statistically significant at a 90% confidence level.

Figure 5-7. Structural equation model of Aggressive Driving Indicators in Event 7

The result of SEM for Event 8 (Delayed lead vehicle) shown in Figure 5-8 shows that
Aggressive driving indicators have positive effects on variance of speed, maximum speed,
and mean and variance of brake pedal force, but they have a negative effect on mean and
variance of spacing. This is because more aggressive drivers are likely to keep shorter
spacing with the lead vehicle.
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The figure also shows that the total number of accidents in lifetime and age have positive
effects on Aggressive driving indicator while the number of severe accidents in lifetime
has a negative effect. Thus, older drivers with higher number of accidents but lower number
of severe accidents have a higher tendency of aggressive driving when the lead vehicle is
delayed at a signalized intersection. It was also found that the total number of accidents is
positively correlated with the number of severe accidents. In addition, psychology latent
variable has a positive effect on Aggressive driving indicator.
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Note: Numbers in red indicates that direct effect is statistically significant at a 90% confidence
level.

Figure 5-8. Structural equation model of Aggressive Driving Indicators in Event 8
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The result of SEM for Event 9 (Cut-in vehicle) shown in Figure 5-9 shows that
Aggressive driving indicator has positive effects on variances of speed and spacing and
mean and variance of brake pedal force. The figure also shows two latent exogenous
variables “Perception of driving skill by gender” and “Inattentive driving” have negative
effects on Aggressive driving indicator while the exogenous variable “Driving frequency”
has a positive effect.
It was found that unlike other events, the latent variable “Psychology” has a negative
effect on Aggressive driving indicators. This is because lower variance of speed and
spacing, and lower mean and variance of brake pedal force are rather considered as safer
driving behaviours to avoid a collision with the cut-in vehicle in Event 9. More specifically,
drivers with higher PADS, Trait Anger, and Impulsivity are more likely to show careless
driving behaviours such as lower reduction in speed and less variation in speed even when
a vehicle suddenly cuts in. Thus, negative effects of variables on Aggressive driving
indictors imply that the variables are more associated with aggressive driving behaviours.
In this sense, male drivers with higher self-reported quality of driving, higher number of
years driving, and lower driving frequency have a higher tendency of aggressive driving in
this event.
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Note: Numbers in red indicates that direct effect is statistically significant at a 90% confidence
level.

Figure 5-9. Structural equation model of Aggressive Driving Indicators in Event 9

Table 5-11 summarizes driving performance parameters and driver characteristics
related to Aggressive driving indicators and the signs of their relationships within each
event.
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Table 5-11. Parameters related to Aggressive Driving Indicators in Each Event
Events
Event 1:
Violation of
Stop Sign
Priority
Event 2:
Following a
SlowMoving
Truck
Event 3:
Construction
Zone
Event 4:
Red-Light
Running

Driving performance parameters
(+) variance of speed
(+) mean and variance of accelerator pedal
position
(+) mean and variance of brake pedal force
(+) mean and variance of speed
(+) mean and variance of accelerator pedal
position
(+) variance of spacing,
(+) variance of lateral movement,
(-) Time-to-Collision (TTC).
(+) mean and variance of braking
(+) mean and variance of steering wheel
angle
(+) mean and variance of lateral movement,
(+) variance of spacing
(+) mean of speed
(-) variance of speed
(+) mean of accelerator pedal position
(+) violation of traffic signal

Event 5:
Slow Speed
Zone

(+) violation of speed limit
(+) mean of accelerator pedal position
(+) variance of speed

Event 6:
Permissive
Left-Turn

(+) variance of speed
(+) maximum speed
(+) mean steering wheel angle

Event 7:
Consecutive
Signalized
Intersections

Event 8:
Delayed
Lead
Vehicle

(+) violation of traffic signal
(+) maximum speed
(+) mean speed
(-) variance of speed
(+) mean accelerator pedal position
(-) mean brake pedal force (1st intersection)
(-) variance of accelerator pedal position (2nd
intersection)
(+) variance of speed
(+) max speed
(+) mean and variance of steering wheel
angle
(+) mean and variance of brake pedal force
(-) mean and variance of spacing

Driver
demographic/driving
history

Driver
psychology

(+) self-reported
quality of driving
(+) male drivers

(+) Trait anger

(+) age
(+) male drivers
(-) number of minor
losses of control

(+) PADS
(+) Trait anger
(+) Impulsivity

(+) male drivers
(+) number of severe
accidents in lifetime

(+) PADS
(+) Trait anger
(+) Impulsivity

(-) age
(-) driving frequency
(+) female drivers

(+) PADS
(+) Trait anger
(+) Impulsivity

(+) male drivers
(-) frequency of
seatbelt use
(+) total no. of
accidents
(+) age
(+) year of driving
(+) number of severe
accidents in lifetime

(+) PADS
(+) Trait anger
(+) Impulsivity
(+) PADS
(+) Trait anger
(+) Impulsivity

(-) driving frequency
(+) number of minor
losses of control
(+) number of close
calls but no accident

(+) PADS
(+) Trait anger
(+) Impulsivity

(+) age
(+) total number of
accidents in lifetime
(-) number of severe
accidents in lifetime

(+) PADS
(+) Trait anger
(+) Impulsivity

(+) male drivers
(+) self-reported
(+) PADS
quality of driving
(+) Trait anger
(+) years of driving
(+) Impulsivity
(-) driving frequency
*Note: In Event 9, lower variance of speed and spacing, and lower mean and variance of brake pedal force
indicate more aggressive driving behaviours unlike other events. This is because these driving performance
parameters reflect safer driving behaviours when a vehicle suddenly cut in.
Event 9:
Cut-in
vehicle*

(-) variance of speed
(-) variance of spacing
(-) mean and variance of brake pedal force
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As shown in Table 5-11, the driving performance parameters are positively or
negatively correlated with the latent variable “Aggressive driving indicators” which
provide intuitive representation of aggressive driving behaviours in each event. The table
also shows that drivers’ psychology measures such as PADS (propensity of angry driving),
trait anger, and impulsivity have consistently positive effects on Aggressive driving
indicators for all the events. Moreover, driver demographic and driving history variables
have significant effects on Aggressive driving indicators in all 9 events with some falling
short of significance but are included to provide modelling stability and can be further
researched with a more inclusive sample.
To identify the relationship between individual driver demographic/driving history
variables and Aggressive driving indicators, the effects of each variable are summarized in
Table 5-12. The table shows that male drivers are positively related with Aggressive
driving indicators in most events except Event 4 (Red-light running). This indicates that
although male drivers generally showed more aggressive driving behaviours than female
drivers, female drivers rather showed more aggressive driving behaviours in the event
which induced red-light running.
Table 5-12. Effects of drivers’ demographic and driving history variables on
Aggressive driving indicators in SEM for 9 Events
Events
Male
Age
Self-reported quality of driving
Driving frequency
Years of driving
No. of minor loss of control
No. of close call but no accident
Total no. of accidents in lifetime
No. of severe accidents in lifetime
Frequency of seatbelt use

1
+

2
+
+

3
+

4
-

5
+

6

7

+

8
+

+
-

+
+

+

-

+
+
+
+

+
-
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9
+

+
-

Also, age is positively correlated with Aggressive driving indicators in Event 2
(Following slow-moving truck), Event 6 (Permissive left-turn) and Event 8 (Delayed lead
vehicle) but negatively correlated in Event 4. This is potentially because older drivers are
generally more confident in their driving skills than younger drivers and they drive more
aggressively. However, they are more cautious than younger drivers when they face more
critical situation for safety (e.g., red-light running). Similarly, self-reported quality of
driving is positively correlated with Aggressive driving indicators because they are
generally more confident in their driving skills and more likely to drive carelessly.
Driving history variables also have significant effects on Aggressive driving indicators.
Longer years of driving, higher total number of accidents in the past, lower number of
minor losses of control, and less frequent seat belt use have positive effects on Aggressive
driving indicators in Events: 2 (Following slow-moving truck), Event 5 (Slow speed zone),
Event 6 (Permissive left-turn), Event 8 (Delayed lead vehicle) and Event 9 (Cut-in vehicle).
This indicates that more experienced and careless drivers who had been involved in higher
number of accidents are more likely to drive aggressively when the speed reduction is
required or less fluctuations in speed.
The table also shows that driving frequency has negative effect on aggressive driving
indicators for Event 4 (Red-light running), Event 7 (Consecutive signalized intersections),
and Event 9 (Cut-in vehicle). This indicates drivers with lower driving frequency are more
likely to drive aggressively.
However, the number of severe accidents in lifetime exhibit opposing effects between
different events. The effect is positive for Event 3 (Construction zone) and Event 6
(Permissive left-turn), but it is negative for Event 8 (Delayed lead vehicle). This shows that
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the involvement in higher number of accidents has differential effects on aggressive driving
behaviours depending on urgency of situation in different events.
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6. Conclusions and Recommendations
This study analyzes the relationships between driver characteristics and aggressive
driving behaviours using drivers’ demographic and socioeconomic factors, driving history,
self-reported psychology measures, and the observed driving performance in various traffic
events. A total of 55 drivers participated in the driving simulator experiment which consists
of 9 traffic events which potentially provoke aggressive driving. The participants also
completed the computer survey to identify their demographic, socioeconomic, and driving
history characteristics. Three psychology measures – Propensity for Angry Driving
(PADS), Trait Anger (latent tendency to be angry), and Impulsivity (poor self-control) –
were also collected based on the participants’ responses to the survey questions. Various
driving performance parameters were also extracted from the driving simulator for each
event separately. These measures were used as indicators of aggressive driving behaviours
which characterize unique aggressive driving behaviours in each event.
The relationships between driver characteristics and aggressive driving were analyzed
using binary logistic regression models and structural equation models (SEM). In the
logistic regression model analysis, the drivers were classified into more aggressive and less
aggressive drivers based on their driving performance parameters. These parameters were
determined based on findings of the past studies and common understanding of aggressive
driving behaviours. From the model results, the factors associated with aggressive driving
behaviours were identified to understand their effects on aggressive driving behaviours.
In the SEM analysis, drivers’ demographic/driving history variables and psychology
measures were grouped into one or more latent exogenous variables and driving
performance parameters were grouped into the latent endogenous variable called
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“Aggressive driving indicators”. Then the relationships between exogenous variables and
Aggressive driving indicators were identified based on model structures. The findings from
the results of these two types of models are summarized as follows:
First, male drivers generally showed more aggressive driving behaviours than female
drivers in most events. However, female drivers showed more aggressive driving
behaviours than male drivers in the event which induced red-light running. This indicates
that the effect of driver’s gender on aggressive driving behaviours varies among different
driving events.
Second, drivers with higher propensity for angry driving, higher latent tendency to be
angry and poor self-control are associated with aggressive driving behaviours. Thus,
drivers’ psychology measures are closely related to their motivation for aggressive driving.
Third, drivers with longer years of driving and drivers who had been involved in higher
number of accidents showed more aggressive driving although this was only observed in
some of the events. This indicates that more experienced drivers with the past records of
accident involvement tend to be over-confident with their driving skills and consequently
drive more aggressively.
Fourth, driving performance parameters associated with aggressive driving varied
among different events. In addition to conventional vehicle kinematics variables (e.g.,
mean speed, variance of speed over time), some vehicle dynamics variables (e.g., use of
brake pedal and accelerator pedal, steering wheel angle) have significant relationships with
aggressive driving behaviours.
Fifth, the SEM identified more complex relationships among driver characteristics,
driving performance parameters, and aggressive driving than the binary logistic regression
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models. Unlike the binary logistic regression, the SEM can simultaneously estimate
multiple inter-relationships among variables, and it can model aggressive driving
behaviours as a linear combination of the observed driving performance parameters. Thus,
the SEM provides more comprehensive understanding of structural relationships between
driver characteristics and aggressive driving.
In summary, this study demonstrates that unique aggressive driving patterns and driver
characteristics related to aggressive driving behaviours vary among different driving events.
Thus, it is important to identify event-specific aggressive driving indicators instead of
universal indicators to better capture aggressive driving patterns considering surrounding
conditions. The study also shows that vehicle dynamics variables, not only vehicle
kinematics variables, are important indicators of aggressive driving in all events. This is
because vehicle dynamics variables can better detect drivers’ reactions or decision-making
than vehicle kinematics variables.
Based on the findings of the analysis in this study, the following strategies to reduce
aggressive driving are recommended. It is recommended to identify unique aggressive
driving patterns for specific road geometric conditions (e.g., curvature, grade) and traffic
regulations (e.g., traffic signal, stop sign) using the observed driving data and develop
countermeasures which aim at preventing the target aggressive driving patterns (e.g.,
reduce speed variation or avoid hard deceleration). It is also recommended to identify the
traffic events which are likely to induce aggressive driving based on the observed driving
data (e.g., speeding is more likely to occur when speed limit is reduced, and traffic volume
is low as shown in Event 5). Then warning messages to drive more cautiously or be aware
of negative consequences of aggressive driving (e.g., higher risk of collision, fines) are
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provided to drivers via variable message signs or in-vehicle devices when such traffic
events occur and/or they are automatically detected using traffic sensors. These locationspecific and event-specific countermeasures developed based on understanding of unique
characteristics of aggressive drivers and driving performance parameters are more likely
to effectively reduce aggressive driving behaviours. Although the emerging vehicle
technology such as a speed limiter can effectively reduce aggressive driving by restricting
the vehicle’s maximum speed to be below the speed limit, it may violate drivers’ freedom
and right to speed. Due to this reason, 68% of American drivers were unwilling to install a
speed limiter according to the recent consumer survey (Covington, 2021). Thus, it is
recommended to implement the countermeasures which naturally tamper drivers’ desire of
aggressive driving.
However, there are some limitations in this study. Due to a small sample size and a
narrow range of the participants’ age, more general patterns of aggressive driving
behaviours and their relationships with driver characteristics could not be observed
Thus, in the future studies, it is recommended to perform more extensive analysis of
aggressive driving patterns with higher number of participants in different age groups. Also,
other drivers’ personality and motivational characteristics related to aggressive driving
behaviours such as narcissism, self-esteem and rebelliousness were not considered in this
study. Thus, it is also recommended to analyze the relationships between these
characteristics and aggressive driving behaviours using SEM in the future studies.

69

References
Ābele, L., Haustein, S., Møller, M., Zettler, I. (2020). Links between observed and selfreported driving anger, observed and self-reported aggressive driving, and
personality traits. Accident Analysis & Prevention, 140, 105516.
Abou-Zeid, M., Kaysi, I., Al-Naghi, H. (2011). Measuring aggressive driving behaviour
using a driving simulator: An Explanatory Study. Presented at the 3rd International
Conference on Road Safety and Simulation. Indianapolis, U.S.A.
Albentosa, J., Stephens, A. N., Sullman, M. J. M. (2018). Driver anger in France: The
relationships between sex, gender roles, trait and state driving anger and appraisals
made while driving. Transportation Research Part F: Traffic Psychology and
Behaviour, 52, 127-137,
Alonso, F., Esteban, C., Montoro, L., Serge, A. (2019). Conceptualization of aggressive
driving behaviours through a Perception of aggressive driving scale (PAD).
Transportation Research Part F: Traffic Psychology and Behaviour, 60, 415-426,
Beirness, D. J., Simpson, H. M. (1988). Lifestyle correlates of risky driving and accident
involvement among youth. Alcohol, Drugs and Driving, 4, 193–204.
Berdoulat, E., Deninotti, J., Vavassori, D. (2021). Typology of aggressive and
transgressive drivers. Accident Analysis and Prevention, 162, 106404.
Björklund, G. M. (2008). Driver irritation and aggressive behaviour. Accident Analysis and
Prevention, 40: 1069–1077.

70

Broughton, K. L. M., Switzer, F., Scott, D. (2007). Car following decisions under three
visibility conditions and two speeds tested with a driving simulator. Accident
Analysis and Prevention, 39, 106–116.
Buss, A. H., Perry, M. P. (1992). The aggression questionnaire, Journal of Personality and
Social Psychology, 63, 452-459.
Buss, A. H., Warren, W. L. (2000). Aggression Questionnaire Manual. Western
Psychological Services, Los Angeles, CA.
Chu, W., Wu, C., Zhang, H., Atombo, C., Zhang, L. (2017). Investigating the relationship
between driving skills, driving experience and aggressive driving behaviours in
China. Presented at Transportation Research Board Annual Meeting, Washington,
D.C.
Chu, W., Wu, C., Atombo, C., Zhang, H., Özkan, T. (2019). Traffic climate, driver
behaviour, and accidents involvement in China. Accident Analysis and Prevention,
122, 119-126.
Covington, T. (2021). Americans in a Hurry: Most US Drivers Unwilling to Give Up the
Right to Speed. https://www.thezebra.com/resources/driving/speed-limiter-survey.
Dahlen, E. R., Ragan, K. M. (2004). Validation of the Propensity for Angry Driving Scale.
Journal of Safety Research, 35, 557-563.
Danaf, M., Abou-Zeid, M., Kaysi, I. (2015). Modeling anger and aggressive driving
behaviour in a dynamic choice–latent variable model. Accident Analysis and
Prevention, 75, 105-118,

71

Deery, H. A. (1999). Hazard and risk perception among young novice drivers. Journal of
Safety Research, 30(4), 225-236.
Deffenbacher, J. L., Lynch, R. S., Oetting, E. R., Swaim, R. C. (2002). The Driving Anger
Expression Inventory: a measure of how people express their anger on the road.
Behaviour Research and Therapy, 40, 717–737.
Deffenbacher, J. L., Oetting, E. R., Lynch, R. S. (1994). Development of a driving anger
scale. Psychological Reports, 74, 83– 91.
DePasquale, J. P., Geller, E. S., Clarke, S. W., Littleton, L. C. (2001). Measuring road rage:
Development of the Propensity for Angry Driving Scale. Journal of Safety Research,
32, 1-16.
Diekmann, A., Jungbauer-Gans, M., Krassing, H., Lorenz, S. (1996). Social status and
aggression: A field study analyzed by survival analysis. The Journal of Social
Psychology, 136(6), 761-768.
Doshi, A., Trivedi, M. M. (2010). Examining the impact of driving style on the
predictability and responsiveness of the driver: Real-world and simulator analysis.
IEEE Intelligent Vehicle Symposium Proceeding, 232–237.
Dula, C. S., Ballard, M. E. (2003). Development and evaluation of a measure of dangerous,
aggressive, negative emotional, and risky driving. Journal of Applied Social
Psychology, 33(2), 263–282.
Efrat, K., Shoham, A. (2013). The theory of planned behaviour, materialism, and
aggressive driving. Accident Analysis and Prevention, 59, 459-465.

72

Farah, H. (2011). Age and Gender Differences in Overtaking Maneuvers on Two-Lane
Rural Highways. Transportation Research Record: Journal of the Transportation
Research Board, No. 2248, 30–36.
Feng, F., Bao, S., Sayer, J. R., Flannagan, C., Manser, M., Wunderlich, R. (2017). Can
vehicle longitudinal jerk be used to identify aggressive drivers? an examination using
naturalistic driving data. Accident Analysis and Prevention, 104, 125–136.
Grey, E. M., Triggs, T. J., Haworth, N. L. (1989). Driver Aggression: The Role of
Personality, Social Characteristics, Risk and Motivation. Department of Transport
and Communications, Federal Office of Road Safety, Canberra, Australia.
González-Iglesias, B., Antonio Gómez-Fraguela, J., Ángeles Luengo-Martín, M. (2012).
Driving anger and traffic violations: Gender differences. Transportation Research
Part F, 15, 404–412.
Hamdar, S. H., Mahmassani, H. S., Chen, R. B. (2008). Aggressiveness propensity index
for driving behaviour at signalized intersections. Accident Analysis and Prevention,
40, 315–326.
Harrell, W. A., Spaulding, L. M. (2011). Social psychological models of choice behaviour
and driver’s left turns. The Journal of Social Psychology, 141(6), 714-722.
Harris, P. B., Houston, M., Vazquez, J. A., Smither, J. A., Harms, A., Dahlke, J. A., Sachau,
D. A. (2014). The Prosocial and Aggressive Driving Inventory (PADI): A self-report
measure of safe and unsafe driving behaviours. Accident Analysis and Prevention,
72, 1-8.

73

Higgs, B., Abbas, M. (2015). Segmentation and clustering of car-following behaviour:
Recognition of driving patterns. IEEE Transactions on Intelligent Transportation
Systems, 16, 81–90.
Houston, J. M., Harris, P. B., Norman, M. (2003). The Aggressive Driving Behaviour
Scale: Developing a self-report measure of unsafe driving practices. North American
Journal of Psychology, 5(2), 269-278.
Karimi, S., Aghabayk, K., Abrari Vajari, M., Stephens, A. (2021). Aggressive driving:
Self-reported anger expression and its relationship with driver personality.
International Journal of Transportation Engineering, 8(3), 299-316.
Kerwin, T., Bushman, B. J. (2020). Measuring the perception of aggression in driving
behaviour. Accident Analysis and Prevention, 145, 105709.
Kim, H., & Millsap, R. (2014). Using the Bollen-Stine Bootstrapping Method for
Evaluating Approximate Fit Indices. Multivariate behavioural research, 49(6), 581–
596. https://doi.org/10.1080/00273171.2014.947352
Krahé, B., Fensky, I. (2002). Predicting aggressive driving behaviour: The role of macho
personality, age, and power of car. Aggressive Behaviour, 28(1), 21-29.
Krebsbach, Craig Michael. (2014). Bootstrapping with small samples in structural equation
modeling: Goodness of fit and Confidence Intervals. Open Access Master's Theses.
Paper 165. https://digitalcommons.uri.edu/theses/165
Lam, C. (2010). Unmasking the Moving Threat: Reckless Driving, Borderline Personality
Disorder, and the Impact on Motor Vehicle Accidents. Master of Public Health
Thesis, Wright State University, Dayton, Ohio, U.S.A.

74

Lajunen, T., Parker, D. (2001). Are aggressive people aggressive drivers? A study of the
relationship between self-reported general aggressiveness, driver anger and
aggressive driving. Accident Analysis and Prevention, 33, 243-255.
Lee, J., Jang, K. (2019). A framework for evaluating aggressive driving behaviours based
on in-vehicle driving records. Transportation Research Part F: Traffic Psychology
and Behaviour, 65, 610-619.
Li, Q., Qiao, F., Yu, L. (2015). Socio-demographic impacts on lane-changing response
time and distance in work zone with Drivers' Smart Advisory System. Journal of
Traffic and Transportation Engineering (English Edition), 2(5), 313-326.
Ma, C., Hao, W., Xiang, W., Yan, W. (2018). The impact of aggressive driving behaviour
on driver-injury severity at highway-rail grade crossings accidents. Journal of
Advanced Transportation, Article ID 9841498, 10 pages.
McTish, P., Park, S. (2016). Exploring aggressive driving behaviour in Pennsylvania’s
Delaware Valley Region. Proceeding of International Conference on Sustainable
Design, Engineering and Construction.
Miles, D. E., Johnson, G. L. (2003). Aggressive driving behaviours: Are there
psychological and attitudinal predictors. Transportation Research Part F, 6, 147161.
Millar, M. (2007). The influence of public self-consciousness and anger on aggressive
driving. Personality and Individual Differences, 43(8), 2116–2126.

75

Ministry of Transportation of Ontario. Preliminary 2014 Ontario Road Safety Annual
Report

Selected

Statistics,

2014.

http://www.mto.gov.on.ca/english/

publications/ontario-road-safety-annual-report.shtml.
Moeller, F. G., Barratt, E. S., Dougherty, D. M., Schmitz, J. M., Swann, A. C. (2001).
Psychiatric aspects of impulsivity. The American Journal of Psychiatry, 158(11),
1783-1793.
Montgomery, J., Kusano, K. D., Gabler H. C. (2014). Age and gender differences in time
to collision at braking from the 100-Car Naturalistic Driving Study. Traffic Injury
Prevention, 15, 15–20.
National Highway Traffic Safety Administration (2000). Strategies for implementing best
practices,’’ Tech. Rep. DOT-HS-809-031, Washington, DC, USA.
Nesbit, S. M., Conger, J. C., Conger, A. J. (2007). A quantitative review of the relationship
between anger and aggressive driving. Aggression and Violent Behavior. 12(2), 156176, ISSN 1359-1789. https://doi.org/10.1016/j.avb.2006.09.003.
Paleti, R., Eluru, N., Bhat, C. R. (2010). Examining the influence of aggressive driving
behaviour on driver injury severity in traffic crashes. Accident Analysis and
Prevention. 42(6), 1839–1854.
Park, S., Oh, C., Kim, Y., Choi, S., Park, S. (2019). Understanding impacts of aggressive
driving on freeway safety and mobility: A multi-agent driving simulation approach.
Transportation Research Part F: Traffic Psychology and Behaviour, 64, 377-387.

76

Philippe, F. L., Vallerand, R. J., Richer, I., Valliéres, É., Bergeron, J. (2009). Passion for
driving and aggressive driving behaviour: A look at their relationship. Journal of
Applied Social Psychology, 2009. 39(12): 3020–3043.
Reimer, B., Donmez, B., Lavallière, M., Mehlera, B., Coughlina, J. F., Teasdale, N. (2013).
Impact of age and cognitive demand on lane choice and changing under actual
highway conditions. Accident Analysis and Prevention, 52, 125– 132.
Roseborough, J. E. W., Wickens, C. M., Wiesenthal, D. L. (2021). Retaliatory aggressive
driving: A justice perspective. Accident Analysis and Prevention, 162, 106393.
Schmidt, K., Beggiato, M., Hoffmann, K. H., Krems, J. F. (2014). A mathematical model
for predicting lane changes using the steering wheel angle. Journal of Safety
Research, 49, 85–90.
Shinar, D., Compton, R. (2004). Aggressive driving: An observational study of driver,
vehicle, and situational variables. Accident Analysis and Prevention, 36, 429-37.
Sullman, M. J. M., Stephens, A. N. (2013). A comparison of the Driving Anger Scale and
the Propensity for Angry Driving Scale. Accident Analysis and Prevention, 58, 8896.
Sun, D., Elefteriadou, L. (2010). Lane-changing behaviour on urban streets: A focus groupbased study. Applied Ergonomics, 42, 682-691.
Transport Canada (2011). Road Safety in Canada. Motor Vehicle Safety with support from
the Public Health Agency of Canada. TP 15145 E Cat. T46-54/1-2011E.

77

Vanlaar, W., Simpson, H., Mayhew, D., Robertson, R. (2008). Aggressive driving: A
survey of attitudes, opinions, and behaviours. Journal of Safety Research, 39, 375–
381.
Vazquez, J. A. (2013). Personality factors, age, and aggressive driving: A validation using
a driving simulator. Ph.D. Thesis, Department of Psychology, University of Central
Florida, Orlando, Florida.
Wickens, C. M., Mann, R. E., Stoduto, G., Ialomiteanu, A., Smart, R. G. (2011). Age group
differences in self-reported aggressive driving perpetration and victimization.
Transportation Research Part F, 14, 400–412.
Wu, J., Du, Y., Qi, G., Xu, M. (2015). Leveraging longitudinal driving behaviour data with
data mining techniques for driving style analysis. IET Intelligent Transportation
Systems, 9, 792–801.
Yang, L., Li, X., Guan, W., Jiang, S. (2020). Assessing the relationship between driving
skill, driving behaviour, and driving aggressiveness. Journal of Transportation
Safety & Security. DOI: 10.1080/19439962.2020.1812785.
Zhao, X., Xu, W., Ma, J., Li, H., Chen, Y. (2019). An analysis of the relationship between
driver characteristics and driving safety using structural equation models.
Transportation Research Part F: Traffic Psychology and Behaviour, 62, 529-545.

78

Vita Auctoris
Ahmad Hassan was born in 1987 in Baghdad, Iraq. He graduated from St. Joseph High
School, Windsor, Ontario, in 2005. From there he went on to the University of Windsor,
Ontario then McMaster University, Hamilton, Ontario, where he obtained a B.Eng. in Civil
Engineering (Structural/Geotechnical stream) in 2009. After which he enrolled in Co-op
program at Mohawk College, Hamilton, Ontario. Then, he obtained the designation of a
licensed professional engineer in Ontario through a decade of experience in the civil
engineering fields of geotechnical, pavement, and foundations. He is currently a candidate
for the Master of Applied Science degree in Civil Engineering at the University of Windsor
and hopes to graduate in Fall 2021.

79

